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ᅗ 2-3 ࡢሙྜ࡛ࡣ஦๓࡟᳨▱☜⋡ࡀ 0.6 ࡛࠶ࡿࡇ࡜ࡀุ᫂ࡋ࡚࠸ࡿ࡜㸪ほ ࡋࡓ 3 ᅇࡢ
ACK㔜」⌧㇟࠿ࡽ㸪ᮏ᮶ࡢࣃࢣࢵࢺࣟࢫᅇᩘ 5( = 3 / 0.6)ࢆ᥎ᐃࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
ࡇࡇ࡛㸪࠶ࡿࢧࣥࣉࣜࣥࢢ⋡ࡢ࡜ࡁ࡟ ACK␒ྕࡀ㔜」ࡋࡓࡢࢆほ ࡛ࡁࡿ☜⋡ࢆ㸪᳨▱




  ᳨▱☜⋡ Qࡀồࡲࢀࡤ㸪ࢧࣥࣉࣜࣥࢢࢆ⾜ࡗࡓሙྜ࡛ࡶ㸪ࣃࢣࢵࢺࣟࢫࢆィ ࡍࡿࡇ࡜
ࡀ࡛ࡁࡿ㸬ᮏ⠇࡛ࡣḟࡢᡭ㡰࡟ࡼࡾ㸪᳨▱☜⋡ Qࢆᑟฟࡍࡿ㸬 
I. ACK㔜」ᩘࡢࣔࢹࣝ໬ 
II. ࢧࣥࣉࣜࣥࢢ᫬ࡢ ACK㔜」ᩘࣔࢹࣝ 
III. ᳨▱☜⋡ Qࡢᑟฟ 





























ᅗ 2-4 ࣃࢣࢵࢺࣟࢫ᫬ࡢࢩ࣮ࢣࣥࢫ␒ྕ࡜ ACK␒ྕࡢ᥎⛣ 
 
ᮏ◊✲࡛ࡣ㸪͆ ୍ᗘࡢࣃࢣࢵࢺࣟࢫ࡛ ACK␒ྕࡀ㐃⥆ࡍࡿᅇᩘ͇ࢆ ACK㔜」ᩘ࡜࿧ࡧ㸪
ヲ⣽࡟᳨ウࡍࡿ㸬ࡇࡢ⌮⏤ࡣ㸪ACK㔜」ᩘࡀ᳨▱☜⋡ Q࡟኱ࡁࡃᙳ㡪ࡍࡿࡓࡵ࡛࠶ࡿ㸬 









































ࢧ࢖ࢬࡢᖹᆒ್ W㸧ࡣᩥ⊩[187]ࡢᚑ᮶◊✲࡟ࡼࡾ㸪ゎᯒⓗ࡟ồࡵࡽࢀ࡚࠸ࡿ (ᩘᘧ 2-2)㸬
ࡇࡇ࡛ bࡣ delayed ACKࣃ࣓ࣛࢱ(㏻ᖖ 2)㸪pࡣࣃࢣࢵࢺࣟࢫ⋡࡛࠶ࡿ㸬 
 

















































ࡇࡢ࡜ࡁ㸪㏻ಙ୰࡟ᮏ᮶Ⓨ⏕ࡋࡓ㔜」ᩘࡀ A ᅇ࡛࠶ࡿࡇ࡜㸪࡜☜⋡ศᕸࡢᛶ㉁㸦0 ࠿ࡽ




ࡋ࠿ࡋᐇ㝿࡟ࡣ㸪ࢧࣥࣉࣜࣥࢢ࡟ࡼࡾ᳨▱ࡋࡓ㔜」ᅇᩘࡀ 0 ( i = 0 )࡜࡞ࡗࡓሙྜ࡟ࡣ㸪
ࡑࡢ⌧㇟ࢆㄆ㆑ࡍࡿࡇ࡜ࡣ࡛ࡁ࡞࠸㸬ࡲࡓ㸪᳨▱ࡋࡓ㔜」ᅇᩘࡀ 1 ( i = 1 )࡜࡞ࡗࡓሙྜ࡟
ࡣ㸪ṇᖖ࡞ ACK࠿㔜」ࡋࡓ ACK࠿ࢆぢศࡅࡿࡇ࡜ࡀ࡛ࡁ࡞࠸㸬ࡇࡢࡓࡵ㸪ᡃࠎࡀㄆ㆑࡛
ࡁࡿࡢࡣ㸪iӍ2 ࡢሙྜࡢࡳ࡛࠶ࡿ㸬ࡼࡗ࡚ࢧࣥࣉࣜࣥࢢィ ᫬࡟ほᐹࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸪




(ᩘᘧ 2-5)࡜(ᩘᘧ 2-6)࠿ࡽ㸪᳨ฟ࡛ࡁࡿ㔜」 ACKࡢ๭ྜ㸦᳨ฟ࡛ࡁࡿ㔜」 ACKᩘ / 㔜








(ᩘᘧ 2-6)࡜(ᩘᘧ 2-7)ࡢ᥎ᐃ್ࢆ(ᩘᘧ 2-1)࡟௦ධࡍࡿ࡜㸪(ᩘᘧ 2-8)ࢆᑟฟࡍࡿࡇ࡜ࡀ








































































3. 2ࡢ᥎ᐃ⤖ᯝ࠿ࡽ(ᩘᘧ 2-7)ࡢ᳨▱☜⋡ࢆィ⟬ࡍࡿ㸬 
4. 1࡜ 3ࡢィ⟬⤖ᯝ࠿ࡽ(ᩘᘧ 2-8)ࢆィ⟬ࡋࣃࢣࢵࢺࣟࢫᅇᩘࢆ᥎ᐃࡍࡿ 
5. 4࡛ᚓࡽࢀࡓ್ࢆ 2ࡢ᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘ࡜ࡋ࡚㸪2࠿ࡽ 4ࡲ࡛ࢆ཯᚟ィ⟬ࡋ㸪
┿್࡟㏆࡙ࡅࡿ㸬 
ᮏᡭ㡰࡛ࡣࢫࢸࢵࣉ 2 ࡛᭱ึ࡟ࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡋ㸪ࡑࡢ್ࢆ౑ࡗ࡚ࢫࢸࢵࣉ 4 ࡢ
ࣃࢣࢵࢺࣟࢫ⋡ࢆᚓ࡚࠸ࡿ㸬ࡇࡢࡓࡵᮏᡭ㡰࡛ࡣࢫࢸࢵࣉ 2 ࡢண ್ࡀ኱ࡁࡃእࢀࡿሙྜ



















2.4.1 ᮲௳ Iࡢド᫂ 





















ᛶ㉁ࢆㄪ࡭ࡿ㸬㛵ᩘ G(Y)ࡣ㸪Y㸼0ࡢ⠊ᅖ࡟࠾࠸࡚㸪ࡑࡢഴࡁ㛵ᩘࡣ G̓(Y)㸼0 ࡜࡞ࡿ㸬






(ii) ୙➼ᘧ[ XnӌF(Xn) / (ᩘᘧ 2-10)ᘧࡢᕥഃ୙➼ᘧ ]ࡢド᫂ 




































































































































































ӍH(Y2) ࡀᡂࡾ❧ࡘ㸬ࡘࡲࡾ(ᩘᘧ 2-10)ࡢᕥ㎶୙➼ᘧࡀᡂ❧ࡍࡿ㸬ࡇࡢࡓࡵ XnӌF(Xn)ࡀ
ᡂ❧ࡍࡿ㸬 
 







୍ࡘ࡜࡞ࡿ㸬ࡲࡓ㸪ș㸻Z A ࡣ᫂ࡽ࠿࡟(ᩘᘧ 2-17)ࡢゎ࡛࠶ࡿ㸬ࡼࡗ࡚㸪 AXii ZZ  folim ࡜
࡞ࡿ㸬 
 
2.4.2 ᮲௳ IIࡢド᫂ 





























































































































(iv) ୙➼ᘧ[ AӌF(Xn) / ((ᩘᘧ 2-18)ࡢᕥഃ୙➼ᘧ ]ࡢド᫂ 
 (i)࡜ྠᵝ࡟(ᩘᘧ 2-11)ࡢ㛵ᩘࡀ༢ㄪቑຍ࡜࡞ࡿࡇ࡜࠿ࡽ㸪ZXӌZA ࡼࡾ㸪G(ZX) ӌ 
G(ZA) ࡀᡂ❧㸬ࡇࢀ࡟ࡼࡾ(ᩘᘧ 2-18)ࡢᕥ㎶୙➼ᘧࡀᡂࡾ❧ࡘ㸬 
 
(v) ୙➼ᘧ[ F(Xn) ӌXn / (ᩘᘧ 2-18)ࡢྑഃ୙➼ᘧ ]ࡢド᫂ 
 (ii)࡜ྠᵝ࡟(ᩘᘧ 2-14)ࡢ㛵ᩘࡀ(ᩘᘧ 2-16)ࢆ‶ࡓࡋ࡚࠸ࡿሙྜ࡟ࡣ㸪༢ㄪῶᑡࡍࡿࡇ࡜
࠿ࡽ㸪ZXӌZA ࡢሙྜ㸪 H(ZA)ӌH(ZX)ࡀᡂ❧㸬ࡇࢀࡼࡾ(ᩘᘧ 2-18)ࡢྑ㎶୙➼ᘧࡀᡂࡾ❧
ࡘ㸬 
 
(vi) ᴟ㝈[ AXii ZZ d fo Elim  ]ࡢド᫂ 
(iii)࡜ྠᵝ࡟(ᩘᘧ 2-17)ࡢ㛵ᩘࡢゎࢆồࡵࡿ㸬(ᩘᘧ 2-17)ࡢ㛵ᩘࡢゎࡣ၏୍࡛࠶ࡾ㸪ș㸻











๓⠇ࡢ᥎ᐃᘧࡢ཰᮰ᛶࡢド᫂࡟ࡼࡾ㸪k=2 ࡢሙྜ࡟ࡣ↓᮲௳࡟㸪kӍ3 ࡢሙྜ࡟ࡣ(ᩘᘧ 
2-16)ࡢ᮲௳ࢆ‶ࡓࡍ⠊ᅖ࡛㸪᥎ᐃ࢔ࣝࢦࣜࢬ࣒ࡀ┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿࡇ࡜ࢆ♧















࠿ࡘ㸪Y㸼(k-2)ࢆ‶ࡓࡍ᭱ᑠࡢ Y ࢆ Ymin ࡜ᐃ⩏ࡍࡿ࡜㸪Y㸼Ymin ࡢ㡿ᇦ࡛ࡣᖖ࡟ I(Y)㸺
I(Ymin)㸺0ࡀᡂ❧ࡍࡿ㸬ࡇࡢࡓࡵ㸪kӍ3࡛ࡢ཰᮰᮲௳ࡣ Y㸼Ymin࡜࡞ࡿ㸬 
 
ᅗ 2-5 kࡢ Y࡟㛵ࡍࡿ཰᮰᮲௳ 
 
 (ᩘᘧ 2-16)࠿ࡽ k=2࠿ࡽ 6ࡢ Yminࢆᩘ್ィ⟬(⢭ᗘ 10㸫4ࢆษୖ)ࡋࡓࡶࡢࢆ Y’min࡜ࡍ





















k=2㸪Ymin㸺 Y̓min = 0 
k=3㸪Ymin㸺 Y̓min = 1㸬452
k=4㸪Ymin㸺 Y̓min = 2㸬838
k=5㸪Ymin㸺 Y̓min = 4㸬184 














Yࡣ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ x ( = Xn/Th )࡜㸪ࢧࣥࣉࣜࣥࢢ☜⋡ sࡢ㛵ᩘ࡛࠶ࡾ㸪(ᩘᘧ 2-25)








  (ᩘᘧ 2-29) 
 (ᩘᘧ 2-30) 



























































































 ᅗ 2-8࡛♧ࡍࢿࢵࢺ࣮࣡ࢡᵓᡂ࡛ホ౯ࡋࡓ㸬ࡇࡢ࡜ࡁ End-to-End࡛ TCP㏻ಙࢆ⾜࠺㸬 
 
ᅗ 2-8 ホ౯ࢿࢵࢺ࣮࣡ࢡ⎔ቃ 
 
㹠㸬ほ ሙᡤ 



































ࡣࡌࡵ࡟⿵㢟㸯㹼⿵㢟㸱ࡢጇᙜᛶࢆ᳨ドࡍࡿ㸬ࢿࢵࢺ࣮࣡ࢡෆ࡟ࣛࣥࢲ࣒ࣟࢫ (⣙ 1%) ࢆ
タᐃࡋ࡚ ACKഃࣃࢣࢵࢺࡢほ ࢆ 1800 ⛊㛫⾜ࡗࡓ㸬ࡇࡢ࡜ࡁⓎ⏕ࡋࡓ ACK 㔜」ᩘࢆࢢ











































ᅗ 2-10 ホ౯ಸ⋡ 10ಸ㸦ࣛࣥࢲ࣒㸧࡛ࡢ⢭ᗘホ౯ 
 
ḟ࡟ࣃࢣࢵࢺࣟࢫ⋡/ホ౯ಸ⋡/ࢧࣥࣉࣜࣥࢢࣃࢱࣥࢆኚ໬ࡉࡏ࡚㸪ホ౯ࢆ⾜ࡗࡓ㸬ࡑࡢ⤖





















ᅗ 2-11 ᆒ➼ࢧࣥࣉࣜࣥࢢ᫬ࡢ᥎ᐃ⢭ᗘ 
 
ᅗ 2-12 ࣛࣥࢲ࣒ࢧࣥࣉࣜࣥࢢ᫬ࡢ᥎ᐃ⢭ᗘ 













㻜㻙㻜㻚㻠 㻜㻚㻠㻙㻜㻚㻤 㻜㻚㻤㻙㻝㻚㻞 㻝㻚㻞㻙㻝㻚㻢














㻜㻙㻜㻚㻠 㻜㻚㻠㻙㻜㻚㻤 㻜㻚㻤㻙㻝㻚㻞 㻝㻚㻞㻙㻝㻚㻢
 30 
 
 ᅗ 2-11㸪ᅗ 2-12ࡣ X㍈࡟ホ౯ಸ⋡(༢఩/ಸ)㸪Y㍈࡟ࣃࢣࢵࢺࣟࢫ㸦༢఩/๭ྜ㸧㸪Z㍈࡟
᥎ᐃ⢭ᗘ㸦༢఩/๭ྜ㸧ࢆ᥇ࡿ㸬᥎ᐃ⢭ᗘࡣ㸪ᥦ᱌ᡭἲ/ṇゎ್࡟ࡼࡾṇつ໬ࡋࡓ್࡛࠶ࡿ㸬 






 ᮏホ౯࡛ࡣ㸪᥎ᐃࣃࢣࢵࢺࣟࢫᅇᩘࡢึᮇ್ࢆ୚࠼ࡓᚋࡢ(ᩘᘧ 2-8)ࡢゎᯒᘧ࡜ ns2࡛ࡢ
ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡜ࡢ཯᚟㐣⛬ࢆẚ㍑ࡍࡿ(ᅗ 2-13)㸬ࡇࢀ࡟ࡼࡾ㸪ᐇ㝿࡟཯᚟ィ⟬⤖ᯝࡀ㸪
ゎᯒᘧ㏻ࡾ࡟ኚ໬ࡋ࡚࠸ࡿ࠿ࢆ☜ㄆࡍࡿ㸬 
 ᅗ 2-13 ࡣ㸪ࣃࢣࢵࢺࣟࢫ⋡ 1%ࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ 10%࡛ほ ࡋࡓ⤖ᯝ࡛࠶ࡿ㸬
┿ࡢࣃࢣࢵࢺࣟࢫᅇᩘࡣ 1027ᅇ(ᐇ㝿࡟ࡣᮍ▱)࡛࠶ࡗࡓ㸬ࡇࡢ࡜ࡁึᮇ᥎ᐃࣃࢣࢵࢺࣟࢫ
ࢆ 1 ᅇ࡟ࡋࡓሙྜ࡜ 2000 ᅇ࡟ࡋࡓሙྜࡢࢩ࣑࣮ࣗࣞࢩ࡛ࣙࣥࡢ཯᚟㐣⛬ࢆグ㍕ࡋ࡚࠸ࡿ㸬
࡝ࡕࡽࡶᩘᅇࡢ཯᚟࡛ 926 ᅇ࡟཰᮰ࡋ࡚࠸ࡿ㸬ᅗ࠿ࡽࢩ࣑࣮ࣗࣞࢩࣙࣥ⤖ᯝࡀ㸪ゎᯒᘧᅗ 
2-13࡜཯᚟᮲௳ F(Xn)=Xn+1ࡢ⠊ᅖ࡟࠾࠾ࡼࡑ཰ࡲࡗ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿ㸬 
 
ᅗ 2-13 ࢩ࣑࣮ࣗࣞࢩࣙࣥ/ ゎᯒᘧ(ᩘᘧ 2-8)ࡢ཯᚟㐣⛬ 
 
 















ᅗ 2-14ࡣ㸪ࣃࢣࢵࢺࣟࢫ⋡ 1%ࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ 10%࡛ほ ࡋࡓሙྜ࡟㸪ᅄ✀
㢮ࡢึᮇ᥎ᐃ್ࢆ⏝࠸࡚཯᚟ᅇᩘࢆホ౯ࡋࡓ⤖ᯝ࡛࠶ࡿ㸬┿ࡢࣃࢣࢵࢺࣟࢫᅇᩘࡣ 1027ᅇ
࡛࠶ࡿ㸬 
I. ึᮇ್ 1ᅇ㸸᭱ᑠ್ࡢ௦⾲್(ࣃࢣࢵࢺࣟࢫ⋡ 0.001%) 
II. ึᮇ್ 317ᅇ㸸᳨▱㔜」 ACKᩘ 
III. ึᮇ್ 1000ᅇ㸸┤๓ࡢࣃࢣࢵࢺࣟࢫᅇᩘ 














































































ᅗ 2-16 ཰᮰ࡍࡿࡲ࡛ࡢ཯᚟ᅇᩘ㸦⢭ᗘ 90%௨ୖ㸧 
 



































ᅗ 2-15࡟ࣃࢣࢵࢺࣟࢫ⋡ 1%㸪ࢧࣥࣉࣜࣥࢢ☜⋡ 10%ࡢ཯᚟ᅇᩘ࡜᥎ᐃ⢭ᗘࡢ㛵ಀ㸪ᅗ 




ᅗ 2-16 ࡜ᅗ 2-17 ࡟ࡼࡾ 90%ࡲ࡛ࡢ཯᚟ᅇᩘ࡜ 95%ࡲ࡛ࡢ཯᚟ᅇᩘ࡜ࢆẚ㍑ࡍࡿ࡜⣙
1.5ಸᅇᩘࡀ࠿࠿ࡗ࡚࠸ࡿ㸬ࡲࡓᅗ 2-17ࡼࡾ㸪ከࡃࡢሙྜᩘᅇ௨ෆࡢ཯᚟࡛㸪཰᮰್ࡢ 95%















































































































































































᫬࡟ࡣ㔜」 ACK ࡢ㔜」ᗘศᕸ(ᅗ 3-2(a))࡜ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᗘศᕸ(ᅗ 3-3(a))ࡣ୍⮴
ࡍࡿ㸬ࡇࡇ࡛ Psn(p㸪s㸪i)ࢆࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ㝿࡟ࣃࢣࢵࢺࣟࢫ⋡ pࡢ⎔ቃࢆࢧࣥࣉ
ࣜࣥࢢ☜⋡ s ࡛ほ ࡋࡓ࡜ࡁࡢ㏫㌿ᗘ i ࡢ☜⋡ศᕸ(ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ㝿ࡢ᮲௳ࡢඖ
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ࣃࢣࢵࢺࡣ☜⋡ s࡛ࡋ࠿ほ ࡛ࡁ࡞࠸ࡓࡵ㸪㏫㌿ᗘศᕸࡢ኱ࡁࡉࡣ㏫㌿ᗘ iࡀ 1௨ୖࡢ㡿ᇦ








࡟㏫㌿⌧㇟ࢆほ ࡛ࡁࡿ☜⋡ Qsnࡣ(ᩘᘧ 3-3)࡜࡞ࡿ㸬 
 
             (ᩘᘧ 3-3) 
        
  Qsn(p㸪s)ࡣࣃࢣࢵࢺࣟࢫ⋡ p ࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ s ࡛ほ ࡋࡓ࡜ࡁࡢ㏫㌿⌧㇟ࡢ
ほ ☜⋡࡛࠶ࡿ㸬ࡇࡇ࡛ P(p㸪s㸪i)ࡣ㔜」ᗘศᕸ࡛࠶ࡿ㸬㔜」ᗘศᕸࡣ TCPࡢ㍽㍵ไᚚ࢔
ࣝࢦࣜࢬ࣒࡟౫Ꮡࡍࡿࡓࡵ TCP ࡢ version ẖ࡟␗࡞ࡿ㸬୍౛࡜ࡋ࡚ TCP NewReno[186]
ࡢሙྜࡣᩥ⊩[204]࡛᫂ࡽ࠿࡟ࡉࢀ࡚࠾ࡾ P(p㸪s㸪0) ࡣ (ᩘᘧ 3-4)࡜࡞ࡿ㸬 
 




















(b) Sequence number disorder 1




































1. ほ ್࡜ࡋ࡚ᑐ㇟ TCP ࣇ࣮ࣟࡢࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡢᩘ࡜㏻ಙ㔞ࢆィ 
ࡍࡿ㸬㏻ಙ㔞ࡣࢩ࣮ࢣࣥࢫ␒ྕࡢᕪศ࡞࡝࡛⡆༢࡟ྲྀᚓྍ⬟࡛࠶ࡿ㸬㏫㌿⌧㇟ࡢ
ᩘࢆ SN㸪㏻ಙ㔞ࢆ TH࡜ࡍࡿ㸬 
2. ึᮇタᐃ࡜ࡋ࡚ࣃࢣࢵࢺࣟࢫ⋡ p0(>0)ࢆỴࡵࡿ㸬 
3. ࢧࣥࣉࣜࣥࢢ☜⋡ s࡜ࣃࢣࢵࢺࣟࢫ⋡ piࢆ⏝࠸࡚ほ ☜⋡Qsn (pi㸪s)ࢆ⟬ฟࡍࡿ㸬 
4. (ᩘᘧ 3-5)ࡼࡾᮏ᮶ࡢࣃࢣࢵࢺࣟࢫᩘ xiࢆ᥎ᐃࡍࡿ㸬  
 
(ᩘᘧ 3-5)                                                     
5. (ᩘᘧ 3-6)ࡼࡾࣃࢣࢵࢺࣟࢫ⋡ࢆồࡵࡿ㸬 
 
  (ᩘᘧ 3-6) 




 ࡞࠾ᮏ࢔ࣝࢦࣜࢬ࣒ࡣNew Reno௨እࡢ versionࡢ TCPࡢࣃࢣࢵࢺࣟࢫࢆ᥎ᐃࡍࡿࡇ࡜














































ࡢ⠊ᅖࡢࣟࢫ⋡࡛ࡢホ౯ࢆ⾜࠺㸬タᐃࡍࡿᆅⅬࡣᅗ 3-5ࡢࢿࢵࢺ࣮࣡ࢡࡢ A࡜ Bࡢ஧
࠿ᡤ࡛࠶ࡿ㸬 A ࡣࢹ࣮ࢱࣃࢣࢵࢺ࡟ᑐࡍࡿࣃࢣࢵࢺࣟࢫ࡛࠶ࡾ㸪B ࡣ ACK ࣃࢣࢵࢺ
࡟ᑐࡍࡿࣃࢣࢵࢺࣟࢫ࡛࠶ࡿ㸬ࣃࢣࢵࢺࣟࢫࡣ A࡜ Bࡣྠࡌ್࡜ࡋࡓ㸬 
DATA
ACK





























ࢧࣥࣉࣜࣥࢢ☜⋡ࢆ s=1/10 ࡜タᐃࡋ㸪௨ୗࡢ(a)-(e)ࡢ᥎ᐃ⤖ᯝࢆホ౯ࡋࡓ㸬ほ ᆅⅬ 1
ࡢ᥎ᐃ⤖ᯝࢆᅗ 3-6㸪ほ ᆅⅬ 2 ࡢ᥎ᐃ⤖ᯝࢆᅗ 3-7 ࡟♧ࡍ㸬ඹ࡟ᶓ㍈ࡀᐇ㝿ࡢࣃࢣࢵࢺ
ࣟࢫ⋡㸪⦪㍈ࡀ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡ࢆ♧ࡍ㸬 
(a) TRUE: ┿ࡢࣃࢣࢵࢺࣟࢫ⋡ 
(b)  Xsn/TH:ᥦ᱌ᡭἲ(㏫㌿⌧㇟ࢆほ ☜⋡࡛⿵ṇ) 
(c)  SN/TH:㏫㌿⌧㇟ࢆほ ☜⋡࡛⿵ṇࡋ࡞࠸ሙྜ 
(d) Xack/TH:㛵㐃◊✲(㔜」 ACKࢆほ ☜⋡࡛⿵ṇ) 
(e)  ACK/TH:㔜」 ACKࢆほ ☜⋡࡛⿵ṇࡋ࡞࠸ሙྜ 









 ḟ࡟ᅗ 3-6࡜ᅗ 3-7ࡢࣃࢣࢵࢺࣟࢫ᥎ᐃ⤖ᯝࢆẚ㍑ࡍࡿ㸬ほ ᆅⅬ 1ࡢ(d)(e)࡛ࡣ㸪ほ 
ᑐ㇟ࡢ ACKࣃࢣࢵࢺࡀ BᆅⅬ࡛ࣟࢫࡋ࡚࠸ࡿ㸬ྠᵝ࡟ほ ᆅⅬ 2ࡢ(b)(c)࡛ࡣほ ᑐ㇟ࡢ













































 ᅗ 3-8 ࡣࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᩘࢆᇶ࡟☜⋡⿵ṇࢆ⾜ࢃࡎ࡟⟬ฟࡋࡓࣃࢣࢵࢺࣟࢫ⋡ࢆ
(ᩘᘧ 3-8)ࡢ X ࡟௦ධࡋࡓሙྜࡢ࢚࣮࡛ࣛ࠶ࡿ㸬s=1/2 ࡢሙྜ࡛ 0.5 ௨ୖ㸪s=1/5 ࡛ࡣ 0.8
௨ୖࡢ࢚࣮ࣛ࡜࡞ࡗ࡚࠸ࡿ㸬ࡇࡢ⤖ᯝࡼࡾࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢࢆ⾜ࡗࡓሙྜ㸪ࢩ࣮ࢣࣥ
ࢫ␒ྕࡢ㏫㌿ᩘࢆ⿵ṇࡋ࡞࠸ሙྜࡣ࡝ࡢ᮲௳࡛ࡶᐇ㝿ࡢ್࡜኱ࡁࡃ஋㞳ࡋ࡚࠸ࡿ㸬 
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ᅗ 3-8 ほ ☜⋡ Qsn࡛⿵ṇࡋ࡞࠸ሙྜࡢ᥎ᐃ⢭ᗘ 
 
 



















































ᯝࢆẚ㍑ࡍࡿ㸬ᅗ 3-10࡟ࣃࢣࢵࢺࣟࢫ⋡ 1%ࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ s=1/10࡛ほ ᚋ㸪































   
p i








ᅗ 3-11 ཰᮰ࡍࡿࡲ࡛ࡢ཯᚟ィ⟬ᅇᩘ 
 
 
















































packet  loss  rate 
i) Qack( p, 0.1)
ii) Qsn( p, 0.1)
iii) Qack( p, 0.25)












1 Qack(p㸪 0㸬1) 㸸㛵㐃◊✲ࡢ s=1/10ࡢほ ☜⋡ 
2 Qsn(p㸪 0㸬1)  㸸ᥦ᱌ᡭἲࡢ s=1/10ࡢほ ☜⋡ 
3 Qack(p㸪 0㸬25)㸸㛵㐃◊✲ࡢ s=1/4ࡢほ ☜⋡ 
4 Qsn(p㸪 0㸬25) 㸸ᥦ᱌ᡭἲࡢ s=1/4ࡢほ ☜⋡ 
 





















































ࡢጇᙜᛶ᳨ドࡀᚲせ࡛࠶ࡿ㸬TCP ࣂ࣮ࢪࣙࣥ࡜ࡋ࡚㸪Windows XP/2000/98 ࡸ Linux 
kernel2㸬4➼࡛ࡣReno/NewReno[186]㸪Windows Vista࡛ࡣCompound TCP[205]㸪 Linux 
kernel2㸬6 ௨㝆࡛ࡣ CUBIC[206]ࡀ౑⏝ࡉࢀ࡚࠸ࡿ㸬ࡑࡢ௚࡟ࡶከᩘࡢ㍽㍵ไᚚ࢔ࣝࢦࣜ
ࢬ࣒㸪౛࠼ࡤ[207-209]ࡀ▱ࡽࢀ࡚࠸ࡿ㸬  
ࡣࡌࡵ࡟㸪 ᥦ᱌ᡭἲࢆಶࠎࡢ TCP version࡬㐺⏝ࡍࡿ᪉ἲ࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬ᥦ᱌ᡭἲ
ࡢ(ᩘᘧ 3-1)࠿ࡽ(ᩘᘧ 3-3)ࡣࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿⌧㇟ࡀほ ࡛ࡁࡿ᮲௳࠿ࡽᑟฟࡋ࡚࠾
ࡾ㸪TCPࡢ version࡟౫Ꮡࡋ࡞࠸㸬୍᪉㸪(ᩘᘧ 3-4)ࡢ㏫㌿ᗘࡢ☜⋡ศᕸ Psn(p㸪s㸪i)ࡣࣃ
ࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ▐㛫ࡢ㍽㍵࢘࢕ࣥࢻ࢘ࢧ࢖ࢬ࡛࠶ࡿࡓࡵ TCP version ࡟౫Ꮡࡍࡿ㸬
ࡇࡢࡓࡵ TCP versionẖ࡟(ᩘᘧ 3-4)ࡢ㏫㌿ᗘࡢ☜⋡ศᕸ Psn(p㸪s㸪i)ࢆᑟฟࡋ㸪(ᩘᘧ 3-1)
࠿ࡽ(ᩘᘧ 3-3)࡟㐺⏝ࡍࢀࡤ㸪࡝ࡢ version ࡢ TCP ࡟ᑐࡋ࡚ࡶᥦ᱌ᡭἲࢆ㐺⏝࡛ࡁࡿ㸬ࡇ
ࡇ࡛ᥦ᱌ᡭἲࡣ཯᚟ィ⟬࡟ࡼࡾᩘ್ⓗ࡟ゎ࠸࡚࠸ࡿࡓࡵ㸪(ᩘᘧ 3-4)ࡢ㏫㌿ᗘࡢศᕸࡶᩘ್
ⓗ࡟ุ᫂ࡋ࡚࠸ࢀࡤゎࡃࡇ࡜ࡀ࡛ࡁ㸪ᚲࡎࡋࡶゎᯒ⾲⌧ࢆᚲせ࡜ࡋ࡞࠸㸬 
ḟ࡟」ᩘ TCP version ࡢΰᅾ⎔ቃ࡛ᥦ᱌ᡭἲࢆ㐺⏝ࡍࡿ᪉ἲ࡟ࡘ࠸࡚㆟ㄽࡍࡿ㸬஦๓࡟
ಶࠎࡢ versionࡢ㏫㌿ᗘࡢ☜⋡ศᕸ Psn(p㸪s㸪i)ࡣุ᫂ࡋ࡚࠸ࡿࡶࡢ࡜ࡍࡿ㸬ࡑࡢሙྜ࡛ࡶ㸪








ᗘ 1௨ୖࡢ㏫㌿⌧㇟ࡢᩘࢆᩘ࠼㸪ࡑࡢ๭ྜࢆ♧ࡍ(ᩘᘧ 3-3)࡛㝖⟬ࡋ࡚࠸ࡿࡀ㸪㏫㌿ᗘ 2௨
ୖࡢ㏫㌿⌧㇟ࡢᩘࢆᩘ࠼㸪ࡑࡢ๭ྜࢆ♧ࡍ(ᩘᘧ 3-10)࡛㝖⟬ࡋ࡚ࡶࡼ࠸ࡣࡎ࡛࠶ࡿ㸬  
 
  (ᩘᘧ 3-10) 
         
ࡇࡇ࡛᝿ᐃࡋࡓ TCP version࡜ᐇ㝿ࡢ TCP versionࡀ୍⮴ࡋ࡚࠸ࡿ࡜ࡁࡢࡳ㸪(ᩘᘧ 3-3)





 ࡍࡿ㸬㏫㌿ᗘ 1௨ୖࡢ㏫㌿⌧㇟ࡢᩘࢆ SN1㸪㏫㌿ᗘ 2௨ୖࡢ㏫㌿⌧㇟ࡢᩘ
ࢆ SN2㸪㏻ಙ㔞ࢆ TH࡜ࡍࡿ㸬 
2. TCP versionࢆ㑅ᢥࡍࡿ㸬 
3. ࢧࣥࣉࣜࣥࢢ☜⋡ s㸪㏫㌿⌧㇟ࡢᩘ SN1㸪㏻ಙ㔞 TH ࠿ࡽ㸪㑅ᢥࡋࡓ TCP 
versionࡢ㏫㌿ᗘศᕸࢆ౑ࡗࡓ(ᩘᘧ 3-3)ࢆ⟬ฟࡋ㸪ࣃࢣࢵࢺࣟࢫ⋡ paࢆ᥎ᐃ
ࡍࡿ㸬 
4. ࢧࣥࣉࣜࣥࢢ☜⋡ s㸪㏫㌿⌧㇟ࡢᩘ SN2㸪㏻ಙ㔞 TH ࠿ࡽ㸪㑅ᢥࡋࡓ TCP 
version ࡢ㏫㌿ᗘศᕸࢆ౑ࡗࡓ(ᩘᘧ 3-10)ࢆ⟬ฟࡋ㸪ࣃࢣࢵࢺࣟࢫ⋡ pbࢆ᥎
ᐃࡍࡿ㸬 
5. ࣃࢣࢵࢺࣟࢫ⋡ pa࡜ࣃࢣࢵࢺࣟࢫ⋡ pbࢆẚ㍑㸬୧ࣃࢣࢵࢺࣟࢫ⋡ࡢᕪࢆ௒ᅇ
ィ⟬ࡋࡓ TCP versionࡢ᥎ᐃㄗᕪ࡜ࡍࡿ㸬 
6. ㏫㌿ᗘࡢ☜⋡ศᕸࡀุ᫂ࡋ࡚࠸ࡿ TCP version ࡢࣃࢣࢵࢺࣟࢫ᥎ᐃࡀࡍ࡭࡚
᏶஢ࡋ࡚࠸ࡿ࡜ Step7࡬⛣ື㸬ᮍ᏶஢ࡢሙྜ Step2࡟ᡠࡿ㸬 













































































ᅗ 4-1 ࣃࢣࢵࢺࣟࢫ᫬ࡢ␒ྕ㸦Sequence / ACK㸧ࡢ㑄⛣ 

















(a) The phenomenon can not be measured
Besides it consists of just one packet 
(b)The phenomenon can be measured




ᅗ 4-2 㔜」 ACK⌧㇟ࡢᵓᡂࣃࢣࢵࢺᩘศᕸ 

















ࡇࡇ࡛㔜」ACK⌧㇟ࡢほ ☜⋡Qack ࡟ࡘ࠸࡚ㄝ᫂ࡍࡿ㸬Repeat count jࡢᐃ⩏࡜ࡋ࡚㸪
㔜」 ACK⌧㇟ࡀⓎ⏕ࡋࡓ࡜ࡁ࡟㸪㔜」 ACK⌧㇟ࢆᵓᡂࡍࡿ㸦ྠࡌ ACK␒ྕࡀ㐃⥆ sࡍ

































ࢆᵓᡂࡍࡿࣃࢣࢵࢺᩘࡣ 4࡛࠶ࡿ㸬ࡇࡢࡓࡵ Repeat count 4࡜࠸࠺㔜」 ACK⌧㇟ࢆ 1ᅇ
ほ ࡋࡓࡇ࡜࡜࡞ࡿ㸬  
ࡇࡇ࡛ P(p㸪 s㸪 j)ࢆ㸪ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓ㝿ࡢ᮲௳ࡢඖ࡛ࡢ᮲௳௜ࡁ☜⋡࡛㸪ࣃࢣ
ࢵࢺࣟࢫ☜⋡ pࡢ⎔ቃࢆࢧࣥࣉࣜࣥࢢ☜⋡ s࡛ほ ࡋ᳨࡚ฟ࡛ࡁࡿ Repeat count j ࡢ㔜」
ACK⌧㇟ࡀ㔜」 ACK⌧㇟ࡢ⥲ᩘ࡟༨ࡵࡿ๭ྜ࡜ࡍࡿ㸬ࡇࡇ࡛ࡣ p㸪 sࡀኚࢃࡿ࡜ P(p㸪 s㸪 
j)ࡢ☜⋡ศᕸࡣኚ໬ࡍࡿࡀ㸪ᐃ⩏ࡼࡾ(ᩘᘧ 4-1)ࡀᖖ࡟ᡂ❧ࡍࡿ(ᅗ 4-2)  
  (ᩘᘧ 4-1) 
 
ࡋ࠿ࡋ࡞ࡀࡽᐇ㝿࡟ࡣ Repeat count ࡀ 0ࡸ 1ࡢሙྜ࡟ࡣほ ࡋࡓACK␒ྕࡣ༢⣧ቑຍ
࡜࡞ࡿࡓࡵ㸪㔜」 ACK⌧㇟ࡀⓎ⏕ࡋࡓࡇ࡜ࢆㄆ㆑࡛ࡁ࡞࠸㸬Repeat count ࡀ 2௨ୖࡢሙ
ྜࡢࡳ㔜」 ACK⌧㇟ࢆㄆ㆑࡛ࡁࡿ㸬ࡼࡗ࡚ࣃࢣࢵࢺࣟࢫ⋡ p ࡢ࡜ࡁ࡟ࢧࣥࣉࣜࣥࢢ☜⋡ s 
ࡢ㝿ࡢ㔜」 ACK⌧㇟ࡢほ ☜⋡ Qack ࡣ(ᩘᘧ 4-2)࡜࡞ࡿ㸬 
(ᩘᘧ 4-2) 
 
ࡇࡇ࡛ P(p㸪 s㸪 j)ࡢ☜⋡ศᕸࡀᚲせ࡜࡞ࡿ㸬P(p㸪 s㸪 j)ࡣࣃࢣࢵࢺࣟࢫ᫬ࡢ㍽㍵࢘࢕
ࣥࢻ࢘ᖜ࡟౫Ꮡࡍࡿࡓࡵ TCP ࡢ㍽㍵ไᚚ࢔ࣝࢦࣜࢬ࣒ẖ࡟␗࡞ࡿ㸬୍౛࡜ࡋ࡚ TCP 
NewReno[186]ࡢሙྜࡣᩥ⊩[204]࡛(ᩘᘧ 4-3)࡛㏆ఝ࡛ࡁࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿ㸬b ࡣTCP




࡞࠾㸪ࡇࡇ࡛ࡣ TCP NewRenoࡢ P(p㸪s㸪j)ࢆ౛࡟ᣲࡆࡓࡀ㸪ヱᙜࡍࡿ TCPࡢ P(p㸪s㸪
j)ࡀᩘ್ⓗ࡟ุ᫂ࡋ࡚࠸ࢀࡤ࡝ࡢ TCP࡟ᑐࡋ࡚ࡶ㐺⏝ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ[213]㸬 
ほ ☜⋡ࡀ(ᩘᘧ 4-2)࡟ࡼࡗ࡚᫂ࡽ࠿࡜࡞ࡿࡓࡵ㸪ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢ࡛ほ ࡛ࡁࡓ㔜
」 ACK⌧㇟ࡢᩘࢆ ACK࡜ࡍࡿ࡜㸪ᮏ᮶Ⓨ⏕ࡋࡓ㔜」 ACK⌧㇟ࡢᩘ Xackࡣ(ᩘᘧ 4-4)࡜࡞
ࡿ㸬 
 (ᩘᘧ 4-4) 
(ᩘᘧ 4-4)ࡢ ACKࡣほ ್㸪ࢧࣥࣉࣜࣥࢢ☜⋡ s ࡣタᐃ್࡛࠶ࡿ㸬୍᪉࡛ࣃࢣࢵࢺࣟࢫ
⋡ pࡣᮍ▱࡛࠶ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽᩥ⊩[204]࡟ࡼࡾ㸪0࠿ࡽ 1ࡢ⠊ᅖࡢ௵ពࡢ್ࢆ p ࡜ࡋ࡚

























































































1. ࢚ࢡࢫ࣏࣮ࢱ࡛ࢧࣥࣉࣜࣥࢢࡋ㸪㔜」 ACK⌧㇟ࡢᑕᙳࡢ࢝࢘ࣥࢺࢆ⾜࠺㸬 
2. 㔜」ACK⌧㇟ࡢᑕᙳ್ࢆ⤫ィ㔞࡜ࡋ࡚ᤄධࡋ࡚࢚ࢡࢫ࣏࣮ࢱ࠿ࡽࢥࣞࢡࢱ࡟㌿㏦
ࡍࡿ㸬 
3. ࢥࣞࢡࢱࡢゎᯒฎ⌮࡛ཷಙࡋࡓ㔜」 ACK ⌧㇟ࡢᑕᙳ್ࢆᇶ࡟㸪⤫ィฎ⌮(ィ ㄗ
ᕪ☜⋡ࢆ⏝࠸ࡓ㔜」 ACK⌧㇟ࡢⓎ⏕☜⋡ࡢ⿵ṇ)ࢆ⾜࠺㸬  
 ௨㝆࡛ 1࡜ 3ࡢฎ⌮ෆᐜ࡟ࡘ࠸࡚ㄝ᫂ࡍࡿ㸬  
 
























ᅗ 4-3 SCBF࡟ࡼࡿ㔜」 ACK⌧㇟ࡢᑕᙳ್ࡢ࢝࢘ࣥࢺ 
 
 
ᅗ 4-4 㔜」 ACK⌧㇟ࡢグ㘓☜⋡ 
 









Space Code Bloom Filter䛾グ㘓
ྜィ್
321 654 987 …
321 654 987 …
321 654 987 …





































ࡿ SCBFࡢ್ࡣ 2௨ୖ࡛࠶ࡿ☜⋡ࡀ㧗࠸(ᅗ 4-3)㸬ࡇࡢࡓࡵNӍ2ࡢ SCBFࢆ⏝࠸࡚㸪SCBF




A) ஦๓‽ഛ㸸BFT(ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢࢸ࣮ࣈࣝ)ࢆNಶ(NӍ 2)⏝ពࡍࡿ㸬BFTࡣ L







ྕࡢ BFTࢆ㑅ᢥ㸬๓ᅇࡀ᭱ᚋࡢ␒ྕࡢ BFTࡢሙྜ࡟ࡣ᭱ึࡢ␒ྕࡢ BFTࢆ
㑅ᢥࡍࡿ࡜࠸ࡗࡓ㸪ࣛ࢘ࣥࢻࣟࣅࣥ➼ࡀ⪃࠼ࡽࢀࡿ㸬 
(࢘) ࣇ࣮ࣟID ࡟ࣁࢵࢩࣗィ⟬ࢆ⾜࠸㸪㑅ᢥࡋࡓ BFL ࡢ L ࣞࢥ࣮ࢻࡢ࡝ࡇ࡟グ㘓
ࡍࡿ࠿ࢆ㑅ᢥ㸬㑅ᢥࡋࡓࣞࢥ࣮ࢻ࡟ࣇ࣮ࣟID ࢆグ㘓ࡋ࡚㸪BF ࡟ほ ୰ࡢࣃ
ࢣࢵࢺࡢ ACK␒ྕࢆグ㘓(ACK␒ྕ࡟ᑐᛂࡍࡿࣅࢵࢺ࡟ 1ࢆグ㘓) 
C) 㞟ィฎ⌮㸸୍ᐃᮇ㛫⤒㐣ᚋ㸪N ಶࡢ BFT ࢆㄞࡳ㎸ࡳ㸪ྛࣇ࣮ࣟID ࢆཧ↷ࡋ࡚㞟


















SCBF ࡛࢝࢘ࣥࢺࡋࡓ㔜」 ACK ⌧㇟ࡢᑕᙳ್ࡣᚲࡎᮏ᮶ࡢ್௨ୗ࡜࡞ࡿ㸬ࡇࡢ⌮⏤ࡣ
ACK␒ྕࡢグ㘓ࡢ㝿㸪ࣛࣥࢲ࣒࡟ BFTࢆ㑅ᢥࡋ࡚࠸ࡿࡢ࡛㸪㔜」 ACK⌧㇟ࢆᵓᡂࡍࡿࣃ
ࢣࢵࢺࡀ≉ᐃࡢ BFT࡟㞟୰ࡋ࡚グ㘓ࡉࢀ࡚ SCBFࡢ್ࡀ 1࡜࡞ࡾ㸪㔜」 ACK⌧㇟ࢆㄆ㆑
࡛ࡁ࡞࠸ྍ⬟ᛶࡀ࠶ࡿࡓࡵ࡛࠶ࡿ㸬 
ྛ BFTࡢ㑅ᢥ☜⋡ࡀᆒ➼࡛࠶ࡿ࡜௬ᐃࡍࡿ࡜㸪Repeat count j ࡢ㔜」 ACK⌧㇟ࡀ≉ᐃ
ࡢ BFT࡟ j ಶࡍ࡭࡚ࡀグ㘓ࡉࢀࡿ☜⋡ࡣ N(-j+1)࡛࠶ࡿ㸬ࡇࡢࡓࡵ SCBFࢆ౑ࡗ࡚ Repeat 
count j ࡢ㔜」 ACK⌧㇟ࡀ࢝࢘ࣥࢺ࡛ࡁࡿ☜⋡ R(j)ࡣ(ᩘᘧ 4-5)࡜࡞ࡿ (ᅗ 4-4)㸬 
 (ᩘᘧ 4-5) 
౛࠼ࡤ N=2ࡢࣇ࢕ࣝࢱ࡛ j=3ࡢሙྜ㸪3ಶࡢྠࡌ ACK␒ྕࡀ୍᪉ࡢ BFT࡟ࡍ࡭࡚グ㘓
ࡉࢀࡿ☜⋡ࡣ 1/8㸪ࡶ࠺୍᪉ࡢ BFT ࡟ࡍ࡭࡚グ㘓ࡉࢀࡿ☜⋡ࡣ 1/8 Ꮡᅾࡍࡿ㸬ࡇࡢ⤖ᯝ㸪
Repeat count ࡀ 3 ࡢ㔜」 ACK⌧㇟ࡣぢ㏨ࡋ☜⋡ࡣ 1/4㸪࢝࢘ࣥࢺ☜⋡ࡣ 3/4࡜࡞ࡿ㸬 
  ࡇࡇ࡛ (ᩘᘧ 4-5)ࡢ Repeat count j ࡢ࢝࢘ࣥࢺ☜⋡࡜(ᩘᘧ 4-3)ࡢ Repeat count j ࡢⓎ
⏕☜⋡ࢆྠ᫬࡟⪃៖ࡍࡿࡇ࡜࡟ࡼࡾ㸪ᮏ᮶Ⓨ⏕ࡋࡓ㔜」 ACK ⌧㇟ࡢᩘ࡟ᑐࡍࡿ Repeat 
count j ࡢほ ☜⋡ Q(p㸪s㸪j) ࡀᑟฟ࡛ࡁࡿ(ᩘᘧ 4-6)㸬 
(ᩘᘧ 4-6) 
  ᐇ㝿࡟ࡣ࢚ࢡࢫ࣏࣮ࢱ࡛࢝࢘ࣥࢺ࡛ࡁࡿ㔜」 ACK⌧㇟ࡢᑕᙳࡣ Repeat countࡀ 2௨ୖ
ࡢ್ࢆࡍ࡭࡚࢝࢘ࣥࢺࡋࡓྜィ್ࡋ࠿ศ࠿ࡽ࡞࠸㸬ࡇࡢࡓࡵ㔜」ACK⌧㇟ࡢほ ☜⋡Q(p㸪
s)ࡶࡇࢀ࡟ᑐᛂࡍࡿ☜⋡(Repeat count ࡀ 2 ௨ୖࡢほ ☜⋡ࡢྜィ☜⋡)࡟ኚ᥮ࡍࡿ(ᩘᘧ 
4-7)㸬 
(ᩘᘧ 4-7) 
  ࡇࡇ࡛(ᩘᘧ 4-7)ࡣ jࡢࢩࢢ࣐ィ⟬ࢆ↓㝈኱ࡲ࡛⾜࠺ᚲせࡀ࠶ࡿࡀ㸪R(j)ࡢ㡯ࡣ jࡀ኱ࡁࡃ
࡞ࡿ࡜ࡍࡄ࡟ 1࡟₞㏆ࡍࡿᛶ㉁ࢆࡶࡘࡓࡵ㸪R( j )؆1࡜࡞ࡿ᭱ᑠࡢ jࢆM࡜ᐃ⩏ࡍࡿ࡜㸪(ᩘ














⌧㇟ࡢᩘ XBFࡣ(ᩘᘧ 4-9)࡛᥎ᐃ࡛ࡁࡿ㸬 
(ᩘᘧ 4-9) 
 
  ࡇࡇ࡛(ᩘᘧ 4-9)ࡣ஦๓࡟ࣃࢣࢵࢺࣟࢫ⋡ pࢆ▱ࡗ࡚࠾ࡃᚲせࡀ࠶ࡿࡀ㸪ᩥ ⊩[204]ྠᵝ㸪
㐺ᙜ࡞ p ( >0)ࢆ(ᩘᘧ 4-9)࡟௦ධࡋ࡚཯᚟ィ⟬ࢆ⾜࠺࡜㸪┿ࡢࣃࢣࢵࢺࣟࢫ⋡࡟཰᮰ࡍࡿ㸬 
)1(1)(  jNjR























ᮏ㡯࡛ࡣ 4.3.1 㡯ࡢ SCBF ࢆᐇ⌧ࡍࡿࡓࡵࡢᐇ⿦࡟ࡘ࠸࡚ලయⓗ࡟ㄝ᫂ࡍࡿ㸬SCBF ࡛





ࡌࡿ㸬ࡑࡇ࡛ TCP ࡣ ACK ␒ྕࡀ᪼㡰࡟฿╔ࡍࡿ࡜࠸࠺ᛶ㉁ࢆ⪃៖㸦࠶ࡿ ACK ␒ྕࡢḟ
࡟ࡣࡑࡢ㏆ഐࡢ ACK␒ྕࡀ฿╔ࡍࡿ㸧ࡋ࡚㸪ほ ฟ᮶ࡓ ACK␒ྕ࿘㎶ࢆ㞟୰ⓗ࡟グ㘓ࡍ
ࡿࣈ࣮࣒ࣝࣇ࢕ࣝࢱࢆసᡂࡋ㸪ᨃ㝧ᛶࢆᑠࡉࡃࡍࡿ㸬ࡇࡢࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡣ㸪㡿ᇦࢆᅗ 4-5
ࡢࡼ࠺࡟౑⏝ࡋ㸪฼⏝ࡍࡿ࣓ࣔࣜ㔞ࢆ๐ῶࡍࡿ࢝࢘ࣥࢱࢆసᡂࡍࡿ㸬TCP ࡢ ACK ␒ྕࡣ
ࣃࢣࢵࢺࢧ࢖ࢬ༢఩࡟༢⣧ቑຍࡍࡿ㸬ࣃࢣࢵࢺࢧ࢖ࢬࡣ⣙༙ศࡀ MTU (maximum 
transmission unit) ࡛࠶ࡿ 1500ࣂ࢖ࢺ๓ᚋ㸪ṧࡾࡢ༙ศࡀ ACKࡢᩘ༑ࣂ࢖ࢺ࡛࠶ࡿࡓࡵ
[218-220]㸪1500 ㏆㎶ࡢ␒ྕࢆ☜ㄆ࡛ࡁࡿ㡿ᇦ(ᅗ 4-5 ࡢ c)࡜ ACK ␒ྕࡢኚ໬ࡢ᭷↓ࡢࡳ
ࢆ☜ㄆࡍࡿࡓࡵࡢ㡿ᇦ(ᅗ 4-5ࡢ a)ࢆ㔜Ⅼⓗ࡟ほ ࡍࡿ㸬୍ ᪉࡛ᩘ༑࠿ࡽᩘⓒࡢ␒ྕࡢኚ໬






ᅗ 4-5 ACK␒ྕ࡜ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢࣅࢵࢺࡢᑐᛂ 
TCPACK number (32bit)







The Bloom Filter 
for recording ACK number






࣮࣒ࣇ࢕ࣝࢱ࡟グ㘓ࡍࡿ㸬౛࠼ࡤ a=2bit㸪 b=7bit㸪 c=4bit ࡜ࡋࡓሙྜ㸪ACK␒ྕ 8000 










ᅗ 4-6 ホ౯⎔ቃ 
 









Network delay (2 msec)
Sending node Receiving node
Random losses are generated
(Packet loss rate 0.1% - 3.5%) Random sampling














































III. 1ࡢࣟࢢ࡜ 2ࡢࣟࢢࢆ࣐࣮ࢪࡍࡿ㸬࣐࣮ࢪࡍࡿ㝿࡟ࡣ 1ࡢࣟࢢ࡜ 2ࡢࣟࢢࡢ᭱ึࡢ
᫬㛫ࢆᇶ‽᫬㛫࡜ࡋ㸪ᇶ‽ᮇ㛫࠿ࡽࡢ┦ᑐ᫬้࡛グ㘓ࡍࡿ㸬 































Eࡢ 50%⛬ᗘ㸪ᥦ᱌ᡭἲࡢほ ್ Cࡣ 35%⛬ᗘ࡛࠶ࡿ㸬Cࡣ Aࡼࡾࡶ 15%⛬ᗘ࢝࢘ࣥࢺ್
ࡀᑠࡉ࠸㸬ࡇࢀࡣ SCBFࢆ౑࠺ࡇ࡜࡛ぢ㏨ࡋࡀⓎ⏕ࡋ㸪Cࡣ A࡟ (ᩘᘧ 4-5)ࢆ஌⟬ࡋࡓศ
ࡢ㔜」 ACK⌧㇟ࡋ࠿ほ ࡛ࡁ࡞࠸࠿ࡽ࡛࠶ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽᚑ᮶ᡭἲ B࡜ᥦ᱌ᡭἲ Dࢆ
ẚ㍑ࡍࡿ࡜㸪B࡜ Dࡢ᥎ᐃ⤖ᯝࡣ⌮᝿ⓗ࡞್ E࡜ࡢㄗᕪࡀ 20%௨ୗ࡟཰ࡲࡗ࡚࠸ࡿ㸬ࡇࡢ
࡜ࡁ B࡜ Dࡢ஋㞳ࡶ 10%௨ୗ࡛࠶ࡿ㸬ࡼࡗ࡚ᥦ᱌ᡭἲࡣᚑ᮶ᡭἲྠᵝ࡟ṇࡋ࠸ࣃࢣࢵࢺࣟ
ࢫ⋡ࢆ᥎ᐃ࡛ࡁ࡚࠸ࡿ㸬ࡉࡽ࡟(ᩘᘧ 4-9)࡟ࡼࡿ☜⋡⿵ṇࡀṇࡋࡃᶵ⬟ࡋ࡚࠸ࡿ࡜ゝ࠼ࡿ㸬







  ḟ࡟ࢧࣥࣉࣜࣥࢢ☜⋡ࢆ s=1/K (Kࡣ 1࠿ࡽ 10ࡲ࡛ࡢ 10✀㢮)࡜ࡋࡓ㝿ࡢ᥎ᐃ⢭ᗘࢆホ
౯ࡋࡓ㸬ࡇࡇ࡛᥎ᐃ⢭ᗘࡢᣦᶆ࡜ࡋ࡚(ᩘᘧ 4-10)ࡢ࢚࣮ࣛ⋡ࢆᐃ⩏ࡍࡿ㸬pࡣᐇ㝿ࡢࣃࢣࢵ
ࢺࣟࢫ⋡㸪Xࡣ᥎ᐃࣃࢣࢵࢺࣟࢫ⋡࡛࠶ࡿ㸬  
 (ᩘᘧ 4-10) 
 
  ᅗ 4-8 ࡣᥦ᱌ᡭἲࡢࣈ࣮࣒ࣝࣇ࢕ࣝࢱほ ⤖ᯝ࠿ࡽ⤫ィⓗ࡞⿵ṇࢆ⾜ࢃࡎ࡟⟬ฟࡋࡓࣃ
ࢣࢵࢺࣟࢫ⋡ࢆ(ᩘᘧ 4-10)ࡢ X ࡟௦ධࡋࡓ㝿ࡢ࢚࣮ࣛ⋡࡛࠶ࡿ㸬ࣃࢣࢵࢺࣟࢫ⋡ࡀ㧗ࡃ࡞
ࡿ㸪࠶ࡿ࠸ࡣࢧࣥࣉࣜࣥࢢ☜⋡ࡀᑠࡉࡃ࡞ࡿ࡟ᚑ࠸ᐇ㝿ࡢ್࠿ࡽ஋㞳ࡋ࡚࠸ࡃࡇ࡜ࡀศ࠿
ࡿ㸬 








ᙳ್ࡢࢧࣥࣉࣝᩘࡣᅗ 4-8 ࡜ྠ➼࡛࠶ࡿࡓࡵࢧࣥࣉࣝᩘࡣ༑ศ࡞್࡛࠶ࡿ㸬ࡇࢀࡣ(ᩘᘧ 
4-3)ࢆᑟධࡍࡿ㝿ࡢ㏆ఝ㸦Repeat count jࡢศᕸࡣ࣏࢔ࢯࣥศᕸ࡟ᚑ࠺㸧࡟ࡼࡿㄗᕪ࡟ࡼࡾ
Ⓨ⏕ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿ㸬 
ࡲࡓᅗ 4-8ࡸᅗ 4-9࡛ࡣࣃࢣࢵࢺࣟࢫ⋡ 0.1%௨ୗࡣࢢࣛࣇ໬ࡋ࡚࠸࡞࠸ࡀ㸪ࡇࡢ㡿ᇦ࡛
ࡣ⿵ṇࡢ᭷↓࡟㛵ࢃࡽࡎ࢚࣮ࣛ⋡ࡀపࡃ࡞ࡿ㸬ࡇࢀࡣᥦ᱌ᡭἲࡢほ ☜⋡ Q(p㸪s)ࡣࣃࢣࢵ
ࢺࣟࢫ⋡ p࡜ࣃࢣࢵࢺࢧࣥࣉࣜࣥࢢ☜⋡ s࡛Ỵᐃࡉࢀࡿ࠿ࡽ࡛࠶ࡿ㸬s=0.25࡛ࣃࢣࢵࢺࢧ
















ᅗ 4-7 ྛᡭἲ࡛ࡢ᥎ᐃ⤖ᯝ(s=1/4) 
 
 


























































ᅗ 4-9 ⿵ṇィ⟬ᚋࡢ࢚࣮ࣛ⋡ 
 
 






































































  SCBFࡢᯛᩘࢆN=2࡛ᅛᐃࡋ㸪ࣈ࣮࣒ࣝࣇ࢕ࣝࢱ 1ࣞࢥ࣮ࢻࡢࣅࢵࢺᩘmࡢ㐪࠸࡟ࡼࡿ
᥎ᐃ⢭ᗘࡢኚ໬ࢆホ౯ࡍࡿ㸬ᮏ㡯࡛ࡣ௨ୗࡢ 4✀㢮ࢆホ౯ࡋࡓ㸬ࡇࡇ࡛ࡢ a㸪b㸪c㸪dࡣᅗ 
4-5࡟♧ࡍ⠊ᅖ࡛࠶ࡿ㸬 
A) 32bit (a=1bit㸪 b=9bit㸪 c=4bit㸪 d=18bit) 
B) 128bit (a=2bit㸪 b=7bit㸪 c=5bit㸪 d=18bit) 
C) 512bit (a=3bit㸪 b=5bit㸪 c=6bit㸪 d=18bit) 
D) 256Kbit (a=9bit㸪 b=0bit㸪 c=9bit㸪 d=14bit) 
  ᅗ 4-10࡟ s=1/4ࡢ᮲௳࡛ࡢ A㸪B㸪C㸪Dࡢ᥎ᐃ⤖ᯝࢆ♧ࡍ㸬BF/Thࡣࣈ࣮࣒ࣝࣇ࢕ࣝ
ࢱほ ⤖ᯝ࠿ࡽ⤫ィⓗ࡞⿵ṇࢆ⾜ࢃࡎࣃࢣࢵࢺࣟࢫ⋡ࢆ⟬ฟࡋࡓ⤖ᯝ࡛࠶ࡿ㸬X_(BF)ࡣᥦ
᱌ᡭἲ(ほ ⤖ᯝ࡟(ᩘᘧ 4-9)ࡢ⿵ṇࢆ⾜࠸᥎ᐃࡋࡓࣃࢣࢵࢺࣟࢫ⋡)࡛࠶ࡿ㸬ᮏィ ᮲௳ࡢ



































Iࡢホ౯࡟ࡼࡾࣈ࣮࣒ࣝࣇ࢕ࣝࢱ1ࣞࢥ࣮ࢻࡢࣅࢵࢺᩘࡣ32bit(a=1bit㸪 b=9bit㸪 c=4bit㸪 
d=18bit)࡛༑ศ࡛࠶ࡿ㸬ࡇࡢタᐃ࡛ࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢᯛᩘࢆ N=2࠿ࡽ 5࡜ኚ໬ࡉࡏࡓ࡜
ࡁࡢ᥎ᐃ⢭ᗘࢆホ౯ࡋࡓ㸬 
ᅗ 4-11࡟ s=1/4ࡢ᮲௳࡛ࡢ᥎ᐃ⤖ᯝࢆ♧ࡍ㸬๓㡯࡜ྠᵝ࡟ BF/Thࡣ(ᩘᘧ 4-9)ࡢ⿵ṇ๓
ࡢ᥎ᐃ್㸪X_(BF)ࡣ(ᩘᘧ 4-9)ࡢ⿵ṇᚋࡢ᥎ᐃ್ࢆ♧ࡍ㸬⿵ṇ๓ࡢ᥎ᐃ್ࡣ N ࡢ್࡟ࡼࡗ
࡚ኚ໬ࡋ࡚࠾ࡾ㸪Nࡀ኱ࡁ࠸᪉ࡀ㸪᥎ᐃ್ࡀ⌮᝿ⓗ࡞್࡟㏆࠸㸬ࡇࢀࡣ Nࡀ኱ࡁࡃ࡞ࡿ࡜
SCBF࡛ぢ㏨ࡋࡓ㔜」 ACK⌧㇟ࡢᩘࡀᑡ࡞ࡃ࡞ࡗ࡚࠸ࡃࡇ࡜ࢆ♧ࡋ࡚࠾ࡾ㸪ᅗ 4-4ࡸ (ᩘ
ᘧ 4-5)ࡸ(ᩘᘧ 4-8)ࡢ⤖ᯝ࡜ࡶ୍⮴ࡍࡿ㸬୍᪉࡛⿵ṇᚋࡢ᥎ᐃ್ࡣ N ࡟㛵ࢃࡽࡎྠࡌ್ࢆ









A) ほ ᫬㛫 T1=10⛊㸪60⛊ࡢ 2✀㢮 
B) ࣃࢣࢵࢺࣟࢫ⋡ p=1%࡜ 0㸬01%ࡢ 2✀㢮 
C) ࢧࣥࣉࣜࣥࢢ☜⋡ s=1㸪1/2㸪1/4㸪1/8ࡢ 4✀㢮 
D) SCBFࡢᯛᩘN=2㸪5ࡢ 2✀㢮 
E) SCBFࡢࣅࢵࢺᩘm=32bit (a=1bit㸪 b=9bit㸪 c=4bit㸪 d=18bit) 
  ᥦ᱌ᡭἲࡢࢥࣞࢡࢱ㈇Ⲵࢆᅗ 4-12࡟♧ࡍ㸬ᅗ 4-12࠿ࡽࢥࣞࢡࢱ㈇Ⲵࡣ SCBFࡢᯛᩘN
࡜ィ 㛫㝸T1࡟ᙳ㡪ࢆཷࡅࡿࡀ㸪ࣃࢣࢵࢺࣟࢫ⋡p࡟ࡣᙳ㡪ࢆཷࡅ࡞࠸ࡇ࡜ࡀ☜ㄆ࡛ࡁࡿ㸬
SCBFࡢᯛᩘNࡀ␗࡞ࡿሙྜ࡟ࡣ(ᩘᘧ 4-8)ࡢMࡀ␗࡞ࡿ㸬R( j )>0.99ࢆ 1࡜㏆ఝࡍࡿሙ
ྜ㸪 N=2 ࡛ࡣ M=8 ࡛࠶ࡾ㸪N=5࡛ࡣ M=4 ࡜࡞ࡿ㸬ࡇࡢ⤖ᯝ(ᩘᘧ 4-8)ࡢほ ☜⋡ Q ࢆ
ᑟฟࡍࡿࡓࡵࡢィ⟬㔞ࡀ N=2ࡢሙྜࡣ N=5ࡢሙྜࡢಸ࡜࡞ࡿ㸬CPU ㈇Ⲵࡶ N=2ࡣ N=5
ࡢሙྜࡢಸ࡜࡞ࡗ࡚࠾ࡾ㸪ẚ౛㛵ಀࡀ☜ㄆ࡛ࡁࡿ㸬࡞࠾㸪R(j)ࡢ㏆ఝ⢭ᗘࢆ↓どࡋ࡚ N=5
ࡢሙྜ࡟M=8࡜タᐃࡍࡿ࡜ N=2࡜ྠ➼ࡢ CPU㈇Ⲵ࡜࡞ࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸬ḟ࡟ィ 㛫㝸












ᅗ 4-12 ᥦ᱌ࢥࣞࢡࢱࡢ CPU㈇Ⲵ 
 






























































ࡀ 0.01%ࡢሙྜ࡜ 1%ࡢሙྜ࡛ TCP ࡢࣇ࣮ࣟ1 ᮏ࠶ࡓࡾࡢࢫ࣮ࣝࣉࢵࢺࡀ␗࡞ࡿ㸬ࣃࢣࢵ
ࢺࣟࢫ⋡ࡀ 0㸬01%ࡢሙྜࡣ 1%ࡢሙྜࡢ⣙ 10 ಸࡢࢫ࣮ࣝࣉࢵࢺ࡜࡞ࡗ࡚࠾ࡾ㸪ࡇࢀ࡟ࡼ
ࡾࢥࣞࢡࢱ࡛ฎ⌮ࡍࡿࢹ࣮ࢱ㔞ࡀቑຍࡋ㸪ࢥࣞࢡࢱࡢ CPU㈇Ⲵࡀቑຍࡍࡿ㸬 
  ᮏィ ᮲௳࡟࠾࠸࡚ᥦ᱌ᡭἲ࡜ᚑ᮶ᡭἲࡢࢥࣞࢡࢱࡢ CPU㈇Ⲵࢆẚ㍑ࡍࡿ㸬ᚑ᮶ᡭἲࡢ
ࢥࣞࢡࢱ࡛ィ ࡛ࡁࡿ᭱኱ࣇ࣮ࣟᮏᩘࡣ 5Kᮏ࡛ࡑࡢ࡜ࡁࡢCPU㈇Ⲵࡣ⣙ 40%⛬ᗘ࡛࠶ࡗ
ࡓ(s=1/10㸪T1=10㸪p=1%)㸬ࡇࢀ࡟ᑐࡋ࡚ᥦ᱌ᡭἲࡢࢥࣞࢡࢱ࡛ィ ࡛ࡁࡿ᭱኱ࣇ࣮ࣟᮏ
ᩘࡣ 200Kᮏ࡛ࡑࡢ࡜ࡁࡢ CPU㈇Ⲵࡣ 10%௨ୗ࡛࠶ࡗࡓ㸬ࡇࢀ࡟ࡼࡾᥦ᱌ᡭἲࡢࢥࣞࢡࢱ
ࡣᚑ᮶ᡭἲࡢࢥࣞࢡࢱࡼࡾࡶᐇ ್࣮࣋ࢫ࡛ᑡ࡞ࡃ࡜ࡶ 40 ಸ௨ୖ㸪CPU ㈇Ⲵࢆ➼ࡋࡃࡍ
ࡿ࡜ࡑࢀ௨ୖࡢࣇ࣮ࣟᮏᩘࢆィ ࡛ࡁࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸬 ࡞࠾ᅗ 4-12 ࡜ᅗ 4-13 ࡛ࡣᶓ













᱌ᡭἲࡢࣈ࣮࣒ࣝࣇ࢕ࣝࢱࡢᩘ Nࢆቑຍࡉࡏࡿ࡜㸪඲యⓗ࡟ (ᩘᘧ 4-5)ࡢ R(j)ࡀ 1࡟㏆࡙










ࡿᚲせࡀ࠶ࡿࡓࡵ㸪࣓ࣔࣜࡀᚲせ࡜࡞ࡿ㸬ࡇࡢ࣓ࣔࣜ㔞ࡣ SCBF ࡢ࢝࢘ࣥࢺ⢭ᗘ(N ࡜ m)

















































ࡍࡿࢥࢿࢡࢸ࢕ࢵࢻᶵ⬟㸪ᕷሙ࡟ฟࡓᚋࡢ㌴ࢆᶵ⬟࢔ࢵࣉࡍࡿ OTA(Over The Air)ࣜࣉࣟ
ࢢ࣑ࣛࣥࢢ࡞࡝ࡢ᝟ሗฎ⌮⣔ࡢ᪂ᶵ⬟ࡀ㔜せᛶࢆቑࡋ࡚࠸ࡿ[222㸪223]㸬ࡇࢀࡽࡢᶵ⬟ࢆ
ᦚ㍕ࡍࡿ࡟ࡣ㌴㍕ࢿࢵࢺ࣮࣡ࢡࡢ㧗ᶵ⬟໬࣭ᗈᖏᇦ໬ࡀᚲ㡲࡜࡞ࡿ㸬 






࡟‶ࡓࡍ᪉ᘧ࡜ࡋ࡚㌴㍕ Ethernet LAN ࡀ᭷ᮃどࡉࢀ㸪AUTOSAR (Automotive Open 
System Architecture)[228]ࡸ OPEN ALLOANCE[229]࡞࡝࡛つ᱁໬ࡀ㐍ࡵࡽࢀ࡚࠸ࡿ㸬 
୍᪉㸪Ẹ⏕⏝㏵࡛Ⓨᒎࡋ࡚ࡁࡓ Ethernet࡛ࡣᇶᮏⓗ࡟࣋ࢫࢺ࢚ࣇ࢛࣮ࢺᆺࡢ㏻ಙࡀ⾜ࢃ
ࢀࡿࡓࡵ㸪㏻ಙࡢಙ㢗ᛶࡸ㐜ᘏ≉ᛶࡀ㌴㍕ࢿࢵࢺ࣮࣡ࢡ࡟せồࡉࢀࡿရ㉁࡟‶ࡓ࡞࠸㸬ࡑ
ࡇ࡛㌴㍕ࣉࣟࢺࢥࣝ࡜ࡋ࡚ Ethernet AVB (Audio/Video Bridging)[230-232]ࡸ Ethernet 
TSN(Time-sensitive Networking)[233-235]࡞࡝ࡢᢏ⾡ࡀ᳨ウࡉࢀ࡚࠸ࡿ[236]㸬ࡋ࠿ࡋ㏻ಙ
ࡢಙ㢗ᛶ࡟ᙳ㡪ࡍࡿࣞ࢖ࣖ 4ࡢ㏻ಙࣉࣟࢺࢥࣝ࡜ࡋ࡚ࡣ㸪AUTOSAR ‽ᣐࡢᇶ┙ࢯࣇࢺ࢘
࢙࢔(BSW: Basic Software)࡛ࡣ TCP࡜UDPࡋ࠿ᥦ౪ࡉࢀ࡞࠸[237㸪238]㸬 



























⾲ 5-1 ྛ✀㌴㍕ࢿࢵࢺ࣮࣡ࢡࡢ≉ᚩ 
 CAN MOST FlexRay LIN 
Purpose ไᚚ⣔ ᝟ሗ⣔ ไᚚ⣔ ࣎ࢹ࢕⣔ 
Feature Broadcast Token TDMA UART/SCI 
Topology Bus Ring Bus&Star Free 
Master Multi Multi Multi Single 
Bandwidth 1Mbps 150Mbps 10Mbps 20Kbps 
Payload 8Byte 64Byte 254Byte 8Byte 
Reliability High Low High Low 
Publishing 1991 2001 2002 2003 
 
 ᪂ࡋ࠸᝟ሗฎ⌮⣔ࡣᗈᖏᇦ㸪㧗ಙ㢗ᛶ㸪┦஫᥋⥆ᛶࡀせồࡉࢀ㸪㌴㍕ Ethernet LANࡢ
ᑟධࡀᮏ᱁໬ࡋ࡚࠸ࡿ㸬㌴㍕⏝ࣉࣟࢺࢥࣝ⩌ࢆᅗ 5-1࡟♧ࡍ㸬 
 ㌴㍕ Ethernet LANࡣࣞ࢖ࣖ 2㏻ಙࢆᇶᮏ࡜ࡋ㸪QoSไᚚࡣ 802㸬1Qࡢ PCPࢆཧ↷ࡍ
ࡿ[246㸪247]㸬Ethernet AVBࡣ᪤࡟つ᱁໬῭࡛࠶ࡾ㸪802.1ASࡸ 802.1Qavࡣ」ᩘ࣋ࣥࢲ








ᅗ 5-1 ㌴㍕ Ethernet LANࡢࣉࣟࢺࢥࣝ⩌ 
 
5.3 ㌴㍕ Ethernet LANࡢ࣮ࣘࢫࢣ࣮ࢫ 
 



























































 ᮏ⠇࡛ࡣᅗ 5-2ࡢ౛࡛࣮ࣘࢫࢣ࣮ࢫࢆグ㍕ࡍࡿ㸬 
 
1. ⮬ື㐠㌿ࢩࢫࢸ࣒ 






CAN࡞࡝ࡢ௚ࢿࢵࢺ࣮࣡ࢡࡢ ECU࡜ Ethernetࡢ ECUࡢ㏻ಙ࡛࠶ࡿ㸬ࣉࣟࢺࢥࣝࡀ
␗࡞ࡿࡓࡵࢤ࣮ࢺ࢙࢘࢖ࢆ௓ࡍࡿ㸬௚ࢿࢵࢺ࣮࣡ࢡࡀ᝟ሗࢆ Connected module ⤒⏤
࡛ࢡࣛ࢘ࢻ࡟࢔ࢵࣉ࣮ࣟࢻࡍࡿሙྜࡸ㸪⮬ື㐠㌿ࢩࢫࢸ࣒࡜㏻ಙࡍࡿሙྜ࡟ࡇࡢ㏻ಙ





デ᩿ࢶ࣮ࣝ࠿ࡽྛ ECU ࡟ᑐࡋ㸪ᨾ㞀グ㘓ࡸ㌴ࡢ≧ែ☜ㄆࢆࡋࡓࡾ㸪ECU ࡢࣜࣉࣟࢢ
࣑ࣛࣥࢢࢆ⾜ࡗࡓࡾࡍࡿ㸬ᨾ㞀/≧ែ☜ㄆࡣ 1 ࣃࢣࢵࢺ⛬ᗘࡢ㏻ಙ࡛࠶ࡿࡀ㸪≧ែࢆࣜ
࢔ࣝࢱ࢖࣒࡟ྲྀᚓࡍࡿሙྜ㸪ᩘ༑࠿ࡽᩘⓒ࣑ࣜ⛊ẖ࡟㐃⥆ᐇ⾜ࡉࢀࡿ㸬UDS࣭DoIP࡜

































I. Retransmit㸸㏦ಙ➃ᮎ࡛㏦ಙ῭ࡢࣃࢣࢵࢺ࡟ᑐࡍࡿ ACK ࢆ୍ᐃ᫬㛫௨ୖཷಙ࡛ࡁ࡞
࠸ሙྜ㸪ࢱ࢖࣒࢔࢘ࢺ࡜ุᐃࡋ㸪ࣃࢣࢵࢺࢆ෌㏦ࡍࡿ㸬ࢱ࢖࣒࢔࢘ࢺ್ࡢㄪᩚἲࡣ
RFC6298 [248]࡟♧ࡉࢀ࡚࠸ࡿ㸬ࣃࢣࢵࢺ㏦ಙ࠿ࡽ ACK ཷಙࡲ࡛ࡢ ᚟᫬㛫(RTT: 
Round Trip Time)ࢆᇶ࡟ືⓗ࡟Ỵࡲࡿ㸬᭱ᑠ್ࡢつᐃࡶ࠶ࡾ㸪RFC࡛ࡣ 1⛊ࡀ᥎ዡࡉ
ࢀ࡚࠸ࡿ㸬ᐇ⿦࡛ࡢ᭱ᑠ್ࡣWindows10࡛ 300࣑ࣜ⛊㸪Linux kernel 4.9.87࡛ࡣ 200
࣑ࣜ⛊࡛࠶ࡿ㸬 
II. Fast Retransmit㸸㏦ಙ➃ᮎ࡛ཷಙࡍࡿ ACK␒ྕࢆ☜ㄆࡋ࡚࠾ࡾ㸪ྠ୍ࡢ ACK␒ྕ
ࢆ㐃⥆ 3 ᅇ௨ୖཷಙࡍࡿሙྜ(㔜」 ACK)㸪ࣃࢣࢵࢺࡀࣟࢫࡋࡓ࡜ุᐃࡋ㸪෌㏦ࡍࡿ㸬
㔜」 ACK᳨▱ࢱ࢖࣑ࣥࢢࡣ㸪ᚋ⥆ࣃࢣࢵࢺ㏦ಙࢱ࢖࣑ࣥࢢ࡟ࡼࡾ஧✀㢮࡜࡞ࡿ㸬 













z ࣃࢱࣥ Iࡢሙྜ㸪 200࣑ࣜ⛊࠿ࡽ 1⛊ 
z ࣃࢱࣥ II-Aࡢሙྜ㸪ᩘ࣑ࣜ⛊ 







࡜ L+1࡜࡞ࡿ㸬L+1ࡀ 3௨ୖ࡛࠶ࢀࡤ㔜」 ACKࡀⓎ⏕ࡍࡿࡓࡵ㸪ࡑࡢᚲせ༑ศ᮲௳ࡣ(ᩘ
ᘧ 5-1)࡜࡞ࡿ㸬 
 (ᩘᘧ 5-1) 
ࡇࡇ࡛ࡦ࡜ࡘࡢ࣓ࢵࢭ࣮ࢪࢆᵓᡂࡍࡿࣃࢣࢵࢺᩘࢆM(≥1)࡜࠾ࡃ㸬ᑡ࡞ࡃ࡜ࡶࣟࢫࣃࢣࢵ
ࢺ 1ಶ࡜ᚋ⥆ࣃࢣࢵࢺ 2ಶࡀⓎ⏕࡟ᚲせ࡜࡞ࡿࡓࡵ㸪㔜」 ACKࡀⓎ⏕ࡍࡿࡓࡵࡢᚲせ᮲௳
ࡣ(ᩘᘧ 5-2)࡜࡞ࡿ㸬 
(ᩘᘧ 5-2) 




(ᩘᘧ 5-1)࡜(ᩘᘧ 5-2)ࡼࡾྠ୍࣓ࢵࢭ࣮ࢪࡢᚋ⥆ࣃࢣࢵࢺ࡟ࡼࡗ࡚㔜」 ACK ࡀⓎ⏕ࡍ
ࡿࡓࡵ࡟ࡣ㸪࣓ࢵࢭ࣮ࢪࢆᵓᡂࡍࡿMಶࡢࣃࢣࢵࢺ୰㸪๓༙(M-2)ಶ࡛ࣃࢣࢵࢺࣟࢫࡀⓎ⏕
ࡍࡿᚲせࡀ࠶ࡿ㸬ࡼࡗ࡚ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓሙྜ࡟ࣃࢱࣥ II-A ࡜࡞ࡿ☜⋡ Q ࡣ(ᩘᘧ 
5-3)࡜࡞ࡿ㸬 





࡞㏻ಙ࡛ࣃࢣࢵࢺࡀࣟࢫࡍࡿ࡜㸪(ᩘᘧ 5-3)࡟♧ࡋࡓࡼ࠺࡟㸪ࣃࢱࣥ II-A ࡢⓎ⏕☜⋡ Q ࡀ




































࡜࣌࢖࣮ࣟࢻ㛗ࡀ 0ࣂ࢖ࢺ࡜࡞ࡿ TCPࣃࢣࢵࢺࢆ Nಶ⏕ᡂࡍࡿᶵᵓ࡛࠶ࡿ㸬 
ᅗ 5-4 ࡟ 1 ࣃࢣࢵࢺࡢ࣓ࢵࢭ࣮ࢪ࡟ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡋࡓሙྜࡢᚑ᮶᪉ᘧ(N=0)࡜ᥦ
᱌᪉ᘧ(N=2)ࡢ෌㏦ࢱ࢖࣑ࣥࢢࡢ㐪࠸ࢆ♧ࡍ㸬 
ࡇࡢᶵᵓࢆ௜୚ࡍࡿࡇ࡜࡛㸪1࣓ࢵࢭ࣮ࢪẖ࡟⏕ࡌࡿࣃࢣࢵࢺᩘࡀM+N࡜࡞ࡿࡓࡵ㸪ࣃ
ࢱࣥ II-A࡟ࡼࡿ Fast RetransmitⓎ⏕☜⋡ Q1ࡣ(ᩘᘧ 5-4)࡜࡞ࡿ㸬 




ࡉࡽ࡟ᐇ࣓ࢵࢭ࣮ࢪࡢࣃࢣࢵࢺࣟࢫ࡟㝈ᐃࡍࡿ࡜ II-A࡟ࡼࡿ Fast RetransmitⓎ⏕☜⋡
Q2ࡣ(ᩘᘧ 5-5)࡜࡞ࡿ㸬ࡇࢀࡣࢦ࣮ࢫࢺࣃࢣࢵࢺࢆ㏣ຍࡍࡿࡇ࡜࡛㸪ᐇ࣓ࢵࢭ࣮ࢪࣃࢣࢵࢺ
ࡀ᭱ᚋࡢ 2ࣃࢣࢵࢺ࡟ධࡿ☜⋡ࡀῶᑡࡍࡿࡓࡵ࡛࠶ࡿ㸬NӍ2࡛ Q2ࡣ 1࡜࡞ࡿ㸬 
 
 (ᩘᘧ 5-5) 
 
ᅗ 5-5࡟Ⓨ⏕☜⋡ Q1㸪ᅗ 5-6࡟Ⓨ⏕☜⋡ Q2ࢆࣉࣟࢵࢺࡍࡿ㸬ࢦ࣮ࢫࢺࣃࢣࢵࢺᩘ 0ಶ
ࡣ㏻ᖖ TCPࢆព࿡ࡋ㸪ᅗ୰࡛ࡣ N=0࡛ࣉࣟࢵࢺࡍࡿ㸬 
ࢤ࣮ࢺ࢙࢘࢖㏻ಙࡸࢲ࢖࢔ࢢ㏻ಙ࡛ࡣ M ࡀ 1 ࡜࡞ࡿሙྜࡀከ࠸㸬ࡇࡢ࡜ࡁ㏻ᖖࡢ
TCP(N=0)࡛ࡢ Q1ࡣ 0࡜࡞ࡿ㸬୍᪉㸪ᥦ᱌ᢏ⾡࡛ࡣ Nࢆ 2࡜ࡍࡿ࡜඲ࣃࢣࢵࢺࡢ II-AⓎ













































ᅗ 5-5 ࣃࢱࣥ II-A࡟ࡼࡿ Fast RetransmitⓎ⏕☜⋡ Q1 
 
 






































































z QoS 㐜ᘏ᫬㛫㸸5 ࣑ࣜ⛊㸬ࡇࢀࡣ➃ᮎෆ㒊ࡢ Ethernet ࣞ࢖ࣖࡢฎ⌮㐜ᘏ࡜ Ethernet






















1:buf in 2:buf out
Network delay
3:buf in 4:buf out
5:buf out6:buf in
QoS: Delay = (3:buf in    – 2:buf out)
QoE: Delay = (4:buf out – 1:buf in   )
 85 
 
ᚚ࡟㛵ࡍࡿ࢜ࣉࢩࣙࣥ(Congestion Control㸪Slow start㸪ssthresh etc)ࡣᮏࢩ࣑࣮ࣗࣞ
ࢱ࡟⤌ࡳ㎸ࢇ࡛࠸࡞࠸㸬㍽㍵ไᚚࡣ㏦ಙࣃࢣࢵࢺ㔞ࢆไᚚࡍࡿ࢜ࣉࢩ࡛ࣙࣥ࠶ࡿࡀ㸪
ᮏホ౯ࡣ RTT ẖ࡟ 1 ࠿ࡽ 3 ࣃࢣࢵࢺ⛬ᗘࡢప㏿㏻ಙࡢࡓࡵ㸪ྛ࢜ࣉࢩࣙࣥࡢ᭷↓ࡣ
QoE㐜ᘏ᫬㛫࡟ᙳ㡪ࢆ୚࠼࡞࠸࡜⪃࠼ࡿ㸬 
z ࣃࢣࢵࢺࢧ࢖ࢬ㸸࣓ࢵࢭ࣮ࢪࣃࢣࢵࢺࡣ 1500ࣂ࢖ࢺ(࣌࢖࣮ࣟࢻࢧ࢖ࢬ 1436ࣂ࢖ࢺ)㸪
ࢦ࣮ࢫࢺࣃࢣࢵࢺࡣ 64ࣂ࢖ࢺ(࣌࢖࣮ࣟࢻࢧ࢖ࢬ 0ࣂ࢖ࢺ)࡜ࡍࡿ 
z ࣓ࢵࢭ࣮ࢪ㏦ಙ࿘ᮇ㸸100࣑ࣜ⛊㸬 








⾲ 5-2 ࡟ᐇ࣓ࢵࢭ࣮ࢪࡢ QoE 㐜ᘏ᫬㛫ࡢᖹᆒ್㸪99 ࠾ࡼࡧ 99.99 ࣃ࣮ࢭࣥࢱ࢖ࣝࢆ♧
ࡍ㸬ࢦ࣮ࢫࢺࣃࢣࢵࢺᩘ 0ಶࡣ㏻ᖖ TCPࢆព࿡ࡍࡿ㸬 
ࢦ࣮ࢫࢺࣃࢣࢵࢺࡢ௜୚ᩘࢆቑࡸࡍ࡜࡜ࡶ࡟ QoE㐜ᘏ᫬㛫ࡢᖹᆒ್࡜ࣃ࣮ࢭࣥࢱ࢖ࣝࡀ
▷ࡃ࡞ࡿ㸬ࡓࡔࡋ㸪௜୚ᩘࡀ 2௨ୖ࡛ຠᯝࡣኚࢃࡽ࡞ࡃ࡞ࡿ㸬ࡇࢀࡣ(ᩘᘧ 5-5)ࡸᅗ 5-6࡛
♧ࡍࡼ࠺࡟㸪ࣃࢱࣥ II-A࡟ࡼࡿᐇ࣓ࢵࢭ࣮ࢪࡢ Fast RetransmitⓎ⏕☜⋡ Q2ࡣ Nࡀቑ࠼
ࡿ࡟ࡘࢀ☜⋡ࡀୖࡀࡿࡀ㸪N ࡀ 2 ௨ୖ࡛Ⓨ⏕☜⋡ 1 ࡜࡞ࡿࡓࡵ࡛࠶ࡿ㸬ࢦ࣮ࢫࢺࣃࢣࢵࢺ
ࡢ௜୚࡟ࡶ࣐࢖ࢥࣥ⬟ຊࢆ౑⏝ࡍࡿࡓࡵ㸪௜୚ᩘࡣᑡ࡞࠸᪉ࡀⰋ࠸㸬ࡼࡗ࡚௜୚ᩘࡢ᭱㐺
್ࡣ 2࡜࡞ࡿ㸬 
ᮏホ౯࡛ࡣ㸪ᥦ᱌ᡭἲ(N=2)ࡢ QoE 㐜ᘏ᫬㛫ࡣ㏻ᖖ TCP ࡟ẚ࡭㸪ᖹᆒ್࡛⣙ 68%㸪99
ࣃ࣮ࢭࣥࢱ࢖࡛ࣝ⣙ 7㸬6%㸪99.99 ࣃ࣮ࢭࣥࢱ࢖࡛ࣝ⣙ 43%࡜࡞ࡗࡓ㸬ࢦ࣮ࢫࢺࣃࢣࢵࢺ
௜୚ࡀ QoE㐜ᘏ᫬㛫ࡢ▷⦰࡟㈉⊩ࡍࡿ㸬 
 
⾲ 5-2 ࢦ࣮ࢫࢺࣃࢣࢵࢺᩘ࡜ QoE㐜ᘏ᫬㛫ࡢ㛵ಀ 








0 8.30 205 505 
1 6.57 115 216 
2 5.63 15.5 216 
3 5.61 15.5 216 






ᅗ 5-8 ᐇ࣓ࢵࢭ࣮ࢪࡢ QoE㐜ᘏ᫬㛫(CCDF) 
  
 




































ᐇ࣓ࢵࢭ࣮ࢪࡢ QoE 㐜ᘏ᫬㛫ࡣᖖ࡟඲ࣃࢣࢵࢺࡢ QoE 㐜ᘏ᫬㛫ࡼࡾࡶ▷ࡃ࡞ࡿ㸬඲ࣃ
ࢣࢵࢺ⩌ࡣ Retransmit ࡜ Fast Retransmit࡟ࡼࡿ෌㏦ࡀΰᅾࡋ࡚࠸ࡿࡢ࡟ᑐࡋ࡚㸪ᐇ࣓
ࢵࢭ࣮ࢪࡢ෌㏦ࡣࡍ࡭࡚ࡢ Fast Retransmit࡜୍㒊ࡢ Retransmit࡛ᵓᡂࡉࢀࡿࡓࡵ㸪Fast 
Retransmitࡢ๭ྜࡀ㧗࠸ࡓࡵ࡛࠶ࡿ㸬 









௜୚ࡍࢀࡤ BSW ࡸ Linux ࡢ㏻ಙࣉࣟࢺࢥࣝࢫࢱࢵࢡࢆᨵ㐀ࡍࡿࡇ࡜࡞ࡃᐇ⌧࡛ࡁࡿ㸬୍
᪉࡛㌴㍕⏝࣐࢖ࢥࣥ[249]ࡣ࣓ࣔࣜ㔞ࡶᑡ࡞࠸㸬ࡇࡢࡓࡵ TCPࡢࣂࢵࣇ࢓ࢧ࢖ࢬ࡜ࢦ࣮ࢫࢺ
ࣃࢣࢵࢺ㛗ࡀ QoE㐜ᘏ᫬㛫࡟୚࠼ࡿᙳ㡪ࢆ᳨ドࡍࡿ㸬 
ᅗ 5-10࡟ TCPࣂࢵࣇ࢓ࢧ࢖ࢬࢆ 16KB࡜ࡋࡓ㝿࡟ N=0࡜ N=2ࡢࢦ࣮ࢫࢺࣃࢣࢵࢺ㛗
ࢆ 1500ࣂ࢖ࢺ㸪64ࣂ࢖ࢺ࡜タᐃࡋࡓ QoE㐜ᘏ᫬㛫ࢆ♧ࡍ㸬୍ᗘࡢ࣓ࢵࢭ࣮ࢪ㏦ಙ࡛฼⏝



















ᅗ 5-10 TCPࣂࢵࣇ࢓ࢧ࢖ࢬ 16KBࡢ QoE㐜ᘏ᫬㛫 
  
 




























































































































z P-BCAST (PUSH-based BroadCast) 
P-BCAST ࡣ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ୰࡛ࡶ᭱ࡶ༢⣧࡞᪉ᘧ࡛࠶ࡾ㸪࣓ࢵࢭ࣮
ࢪࢆಖ᭷ࡋ࡚࠸ࡿࣀ࣮ࢻࡀ௚ࡢࣀ࣮ࢻ࡜᥋ゐࡋࡓ࡜ࡁ࡟☜⋡ 1 ࡛࣓ࢵࢭ࣮ࢪࡢ」〇ࢆ୰






z SA-BCAST (Self-Adaptive BroadCast) 





z HP-BCAST(History-based P-BCAST) 
HP-BCAST ࡣ P-BCAST ࡜ྠࡌࡼ࠺࡟ືసࡍࡿࡀ㸪↓㥏࡞㔜」࣓ࢵࢭ࣮ࢪࡢ୰⥅ࢆ㜵ࡄ
ࡓࡵ࡟㸪࣓ࢵࢭ࣮ࢪࢆಖᣢࡋ࡚࠸ࡿࣀ࣮ࢻࡢࣜࢫࢺࢆ⟶⌮ࡋ㸪ࡍ࡛࡟࣓ࢵࢭ࣮ࢪࢆಖ᭷ࡋ
࡚࠸ࡿ (࡜ᛮࢃࢀࡿ) ࣀ࣮ࢻ࡟ࡣ᪂ࡓ࡟࣓ࢵࢭ࣮ࢪ୰⥅ࢆ⾜ࢃ࡞࠸࡜࠸࠺᪉ᘧ࡛࠶ࡿ[255]. 
  ᩥ⊩[263]࡛ࡣ㸪P-BCAST ࠾ࡼࡧ HP-BCAST ࢆࡑࢀࡒࢀ౑⏝ࡋࡓ᫬ࡢ㸪࣓ࢵࢭ࣮ࢪᣑ
ᩓ᫬㛫ࡸࢿࢵࢺ࣮࣡ࢡ୰ࢆ㌿㏦ࡉࢀࡿ」〇࣓ࢵࢭ࣮ࢪᩘࢆẚ㍑ࡋ࡚࠸ࡿ .ࡑࡢ⤖ᯝ㸪






ᅇ⥺࡛࠶ࡿ.DTN ࡟࠾ࡅࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢ౛ࢆᅗ 6-1࡟♧ࡍ.ࣇ࢕࣮ࣝࢻୖ࡟ M ྎ

















































╔┠ࡍࡿ.ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࢆࡍ࡭࡚➼ࡋࡃ r ࡜ࡋ㸪ࣀ࣮ࢻ࡜ࣀ࣮ࢻࡢ㊥㞳ࡀ r ௨
ୗࡢ᫬࡟࢔ࢻ࣍ࢵࢡ㏻ಙ࡟ࡼࡗ࡚┦஫࡟↓⥺㏻ಙࡀྍ⬟࡟࡞ࡿ࡜ࡍࡿ.ࡲࡓ㸪ࣀ࣮ࢻࡢ⛣ື
㏿ᗘࢆࡍ࡭࡚➼ࡋࡃ v࡜ࡍࡿ.ࣀ࣮ࢻࡀ⛣ືࡍࡿࣇ࢕࣮ࣝࢻࢆ S࡜⾲グࡍࡿ. 
ࣀ࣮ࢻࣔࣅࣜࢸ࢕ࡢᐃᖖᛶࢆ௬ᐃࡋ㸪࠶ࡿࢫࣟࢵࢺ࡟࠾ࡅࡿࣀ࣮ࢻ i࡜ࣀ࣮ࢻ jࡢ᥋ゐ☜
⋡ (᪂ࡓ࡟ࣀ࣮ࢻྠኈࡢ࢔ࢻ࣍ࢵࢡ㏻ಙࡀྍ⬟࡜࡞ࡿ☜⋡) ࢆ ei㸪j࡜⾲グࡍࡿ. 
k␒┠ࡢࢫࣟࢵࢺ࡟࠾ࡅࡿ㸪ࣀ࣮ࢻ iࡢ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࢆȧi(k)࡜⾲グࡍࡿ.࣓ࢵࢭ࣮ࢪ




ࡍࡿ P-BCAST (PUSH-based BroadCast) ࡢሙྜࢆ⪃࠼ࡿ.ȧi(k)Ӑ1ࡢ᫬㸪᥋ゐ☜⋡⾜ิ
ࢆ E=(ei㸪j)࡜ࡍࢀࡤ㸪P-BCAST ࡟ࡼࡿ࣓ࢵࢭ࣮ࢪᣑᩓࡢࢲ࢖ࢼ࣑ࢡࢫࡣ㏆ఝⓗ࡟(ᩘᘧ 
6-1)࡛୚࠼ࡽࢀࡿ.  










࠾ࡅࡿࣀ࣮ࢻ i (1ӌiӌN)ࡢᏑᅾ☜⋡ pi(x)ࡀ(ᩘᘧ 6-2)ࡢ୍ᵝศᕸ࡟ᚑ࠺ሙྜࢆ⪃࠼ࡿ.ࡇࡇ
࡛|S|ࡣࣇ࢕࣮ࣝࢻࡢ኱ࡁࡉࢆ⾲ࡍ.  
 (ᩘᘧ 6-2) 
 







ࣀ࣮ࢻ iࡢ↓⥺㏻ಙྍ⬟⠊ᅖෆ࡟ࣀ࣮ࢻ j (ӆi)ࡀᏑᅾࡍࡿ☜⋡ࡀȧr2/|S|࡛࠶ࡿ࠿ࡽ㸪࠶










ࡅࡿᇶᆅᒁ l(1ӌlӌw+1)ࡢᏑᅾ☜⋡ࡀ ql(x) = 1/|S|࡛࠶ࡿሙྜࢆ⪃࠼ࡿ. 
ࣀ࣮ࢻ $i$ ࡜ࣀ࣮ࢻ $j$ ࡣ㸪$w + 1$ ྎࡢᇶᆅᒁࡢ࠺ࡕ㸪࠸ࡎࢀ࠿ 2 ྎࡢᇶᆅᒁ࡜ࡑ
ࢀࡒࢀ㏻ಙྍ⬟࡟࡞ࡗࡓ᫬࡟㝈ࡾ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ௓ࡋ࡚㏻ಙࡀྍ⬟࡜࡞ࡿ.ᚑࡗ࡚㸪







࡟࠾ࡅࡿࣀ࣮ࢻ i (1ӌiӌN)ࡢᏑᅾ☜⋡ࡀ pi(x)࡛୚࠼ࡽࢀࡿሙྜࢆ⪃࠼ࡿ. 
ࡇࡢ᫬㸪࠶ࡿࢫࣟࢵࢺ࡟࠾ࡅࡿࣀ࣮ࢻ i ࡜ࣀ࣮ࢻ j ࡢ᥋ゐ☜⋡ ei㸪jࡣ(ᩘᘧ 6-6)࡛୚࠼ࡽ






ᇶᆅᒁ l (1ӌlӌw+1)ࡢᗙᶆࢆ zl࡜⾲グࡍࡿ.ࣀ࣮ࢻ i࡜ࣀ࣮ࢻ j (ӆi)ࡣ w + 1ྎࡢᇶᆅᒁ
ࡢ࠺ࡕ㸪࠸ࡎࢀ࠿ 2 ྎࡢᇶᆅᒁ࡜ࡑࢀࡒࢀ㏻ಙྍ⬟࡟࡞ࡗࡓ᫬࡟㝈ࡾ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ
ࢆ௓ࡋ࡚㏻ಙࡀྍ⬟࡜࡞ࡿ.ࣀ࣮ࢻ i࡜ࣀ࣮ࢻ j (ӆi)ࡀࡑࢀࡒࢀᇶᆅᒁ l࠾ࡼࡧᇶᆅᒁm (ӆ
l)ࢆ௓ࡋ࡚᥋ゐࡍࡿ☜⋡ࡣ(ᩘᘧ 6-7)࡛୚࠼ࡽࢀࡿ.ᚑࡗ࡚㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᙳ㡪ࢆ⪃













ᯝࢆศᯒࡍࡿ.࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘࢆ w ࠿ࡽ w+1 ࡟ቑຍࡍࡿ࡜㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ
௓ࡋࡓ࣓ࢵࢭ࣮ࢪᣑᩓࡀቑຍࡋ㸪࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢ㎿㏿ᛶࡣᨵၿࡉࢀࡿ.ࡲ






ゐ☜⋡ ((ᩘᘧ 6-5)࠾ࡼࡧ(ᩘᘧ 6-8)) ࡀ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࢆ r࠿ࡽ r+Ǽr࡟ቑຍ
ࡋࡓ᫬ࡢ᥋ゐ☜⋡࡜➼ࡋࡃ࡞ࡿ. 





6.3.2 ᩘ ್౛ 
௨ୗࡢᩘ್౛࡛ࡣ㸪≉࡟᩿ࢃࡾࡢ࡞࠸㝈ࡾḟࡢࡼ࠺࡞ࣃ࣓ࣛࢱࢆ⏝࠸࡚࠸ࡿ: ࣀ࣮ࢻᩘ 
N = 20㸪ࣀ࣮ࢻ࠾ࡼࡧᇶᆅᒁࡢ↓⥺㏻ಙྍ⬟⠊ᅖ r =50[m]㸪ࣀ࣮ࢻࡢ⛣ື㏿ᗘ v = 4 [km/h]. 
 
z ࣀ࣮ࢻࡢ఩⨨ศᕸࡀᆒ୍ࡢሙྜ 
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘࢆ 0㹼5 ࡜ኚ໬ࡉࡏࡓ᫬ࡢ㸪ࢫࣟࢵࢺ k ࡟࠾ࡅࡿࣀ࣮ࢻࡢᖹᆒ࣓
ࢵࢭ࣮ࢪಖ᭷⋡ E[ȧi(k)]ࡢኚ໬ࢆᅗ 6-3 ࡟♧ࡍ.ࡇࡇ࡛ࡣ㸪ࣇ࢕࣮ࣝࢻࡢ኱ࡁࡉࢆ|S| = 
250㸪000[m2]㸪ࢫࣟࢵࢺ㛗ࢆ 1[s] ࡜ࡋ࡚࠸ࡿ.ึᮇ≧ែ࡟࠾ࡅࡿࣀ࣮ࢻ 1ࡢಖ᭷⋡ࢆ ȧ1(0) 









᫬㛫ࡀ⤒㐣ࡍࡿ࡟ࡘࢀ (ࢫࣟࢵࢺᩘࡀ኱ࡁࡃ࡞ࡿ࡟ࡘࢀ) ᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ E[ȧi(k)]
ࡀᛴ⃭࡟ቑຍࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ.࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆᑟධࡍࡿࡇ࡜࡟ࡼࡾ㸪࣓ࢵࢭ࣮
ࢪࡀᛴ㏿࡟ᣑᩓࡍࡿࡲ࡛ࡢ᫬㛫ࡀ኱ᖜ࡟▷⦰ࡉࢀ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ. 












ࡢቑຍ㔞Ǽrࢆᅗ 6-6࠾ࡼࡧᅗ 6-7࡟♧ࡍ.ᅗ 6-6࠾ࡼࡧᅗ 6-7ࡣ㸪ࡑࢀࡒࢀ|S|= 250㸪
000 [m2] ࠾ࡼࡧ|S|=1㸪000㸪000[m2] ࡢሙྜࡢ⤖ᯝ࡛࠶ࡿ.ࡑࡢ௚ࡢ᮲௳ࡣ㸪 ᅗ 6-3 ࡜
ྠ୍࡛࠶ࡿ. 
ࡇࢀࡽࡢ⤖ᯝࡼࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆ 1 ᮏ㏣ຍࡍࡿຠᯝࡣ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟
⠊ᅖ r ࡀ኱ࡁ࠸࡯࡝㸪ࡲࡓ㸪ࣇ࢕࣮ࣝࢻୖ࡟Ꮡᅾࡍࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ w ࡀᑡ࡞࠸࡯
࡝ࡼࡾຠᯝࡀ㧗࠸ࡇ࡜ࡀࢃ࠿ࡿ.౛࠼ࡤ㸪ࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖࡀ r=100[m]ࡢ᫬࡟ὀ┠















ᅗ 6-3 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ(w=0㹼5)ࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡢኚ໬ 





ᅗ 6-4 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ(w=0㹼5)ࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡢኚ໬ 






ᅗ 6-5 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ(w=0㹼5)ࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡢኚ໬ 
(ࣀ࣮ࢻࡢ఩⨨ศᕸࡀ஧ḟඖ୍ᵝศᕸ࡟ᚑ࠺ሙྜ) (N=20㸪r=75[m]㸪 v=4 [km/h]) 
 
 





ᅗ 6-7 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡ 1 ᮏ㏣ຍ࡟┦ᙜࡍࡿࣀ࣮ࢻࡢ↓⥺㏻ಙྍ⬟⠊ᅖ 
ቑຍ㔞Ǽr (|S|=1㸪000㸪000[m2]㸪v=4 [km/h])ࡢሙྜ 
 
ᅗ 6-8 ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᩘ(w=0㸪1) ࡢ᫬ࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡢኚ໬ 




࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᩘࡀ 0 ࠾ࡼࡧ 1 ࡢ᫬ࡢ㸪ࢫࣟࢵࢺ k ࡟࠾ࡅࡿᖹᆒ࣓ࢵࢭ࣮ࢪಖ
᭷⋡ E[ȧi(k)] ࡢኚ໬ࢆᅗ 6-8࡟♧ࡍ.ࡇࡇ࡛ࡣ㸪ྛ ࣀ࣮ࢻࡢ఩⨨ศᕸࢆ㸪ཎⅬ (ࣇ࢕࣮ࣝࢻ
ࡢ୰ኸ) ࢆ୰ᚰ࡜ࡋ㸪ᶆ‽೫ᕪࡀ 200~[m] ࡢ஧ḟඖṇつศᕸ࡛୚࠼࡚࠸ࡿ.࢝ࢵࢺࢫ࣮ࣝࣜ
ࣥࢡᩘࡀ 1 ࡢሙྜࡣ㸪2 ྎࡢᇶᆅᒁࢆ㸪z1=(-d㸪 0)㸪 z2=(d㸪 0) ࡜㓄⨨ࡋ㸪dࢆ 50㸪100㸪








ࣇ࢕࣮ࣝࢻୖ࡟ 5 ྎࡢࣀ࣮ࢻࡀᏑᅾࡍࡿሙྜࢆ⪃࠼ࡿ.ࣀ࣮ࢻ 1 ࡢ఩⨨ศᕸࡀ㸪ᖹᆒ (0㸪 
0)㸪ᶆ‽೫ᕪ 100 [m] ࡢ஧ḟඖṇつศᕸ࡟ᚑ࠸㸪ࣀ࣮ࢻ 2--5ࡢ఩⨨ศᕸࡀ㸪ᖹᆒࡀࡑࢀࡒ
ࢀ (-100㸪 100)㸪(100㸪 100)㸪(-100㸪-100)㸪(100㸪 -100) ࡛࠶ࡾ㸪ᶆ‽೫ᕪࡀ 50 [m] ࡢ
஧ḟඖṇつศᕸ࡟ᚑ࠺࡜ࡍࡿ.ࣀ࣮ࢻࡢ఩⨨ศᕸࢆᅗ 6-9 ࡟♧ࡍ.ࣀ࣮ࢻ࠾ࡼࡧᇶᆅᒁࡢ↓
⥺㏻ಙྍ⬟⠊ᅖ r=50[m]㸪ࣀ࣮ࢻࡢ⛣ື㏿ᗘ v=4[km/h] ࡜ࡍࡿ.ึᮇ≧ែ࡟࠾ࡅࡿྛࣀ࣮ࢻ
ࡢ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࢆ 0.01 ࡜ࡍࡿ.࡞࠾௨ୗࡢᩘ್౛࡛ࡣ㸪ィ⟬ࡢ⡆༢໬ࡢࡓࡵ㸪↓⥺㏻
ಙྍ⬟⠊ᅖ D(x㸪 r)࡜ࡋ୍࡚㎶ rࡢṇ᪉㡿ᇦࢆ⏝࠸࡚࠸ࡿ. 
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ 1 ᮏࡢሙྜࢆ⪃࠼㸪୍᪉ࡢᇶᆅᒁࢆ z1= (0㸪0)࡟㓄⨨ࡋ㸪௚᪉ࡢ
ᇶᆅᒁࢆࣇ࢕࣮ࣝࢻୖࡢࡉࡲࡊࡲ࡞ሙᡤ z2=(x㸪 y)(ࡓࡔࡋ x㸪 y Ӎ0) ࡟㓄⨨ࡋࡓ᫬ࡢ㸪1㸪
000 ␒┠ࡢࢫࣟࢵࢺ࡟࠾ࡅࡿᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ȟ (1000)ࢆᅗ 6-10࡟♧ࡍ.k␒┠ࡢࢫ
ࣟࢵࢺ࡟࠾ࡅࡿᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ȟ (k)࡜ࡣ㸪ึ ᮇ≧ែ࠿ࡽ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕ
ࢫࢺࢆ㛤ጞࡋࡓ᫬ࡢ㸪ȟ (k)␒┠ࡢࢫࣟࢵࢺ࡟࠾ࡅࡿ඲ࣀ࣮ࢻࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ 
E[ȧi(k)]࡛࠶ࡿ.ྠᵝ࡟㸪୍᪉ࡢᇶᆅᒁࢆ z1= (-50㸪-50)࠾ࡼࡧ z1= (-100㸪 -100)࡟㓄⨨ࡋࡓ
᫬ࡢ⤖ᯝࢆࡑࢀࡒࢀᅗ 6-11࠾ࡼࡧᅗ 6-12࡟ࡑࢀࡒࢀ♧ࡍ. 
ࡇࢀࡽࡢ⤖ᯝࡼࡾ㸪୍᪉ࡢᇶᆅᒁࢆ z1=(0㸪 0)࡟㓄⨨ࡋࡓሙྜ (ᅗ 6-10) ࡟ࡣ㸪௚᪉ࡢ
ᇶᆅᒁࢆ z2= (100㸪 100)㏆㎶࡟㓄⨨ࡋࡓ᫬࡟ᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡀ᭱኱࡟࡞ࡿ.ᇶᆅᒁࢆ
z1=(-50㸪 -50)࡟㓄⨨ࡋࡓሙྜ (ᅗ 6-11) ࡸ㸪z1=(-100㸪 -100)࡟㓄⨨ࡋࡓሙྜ (ᅗ 6-12) ࡟
ࡶ㸪௚᪉ࡢᇶᆅᒁࢆ z2=(100㸪 100)㏆㎶࡟㓄⨨ࡋࡓ᫬࡟ᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡀ᭱኱࡟࡞
ࡿ.ࡇࢀࡣࡘࡲࡾ㸪ᮏᐇ㦂ࡢ᮲௳ୗ࡛ࡣ㸪ࡼࡾከᩘࡢࣀ࣮ࢻ࡜᥋ゐࡍࡿᶵ఍ࡢከ࠸ࣀ࣮ࢻ (ࣀ
࣮ࢻ 1) ࡢ఩⨨ࢆᇶ‽࡜ࡋ࡚ᇶᆅᒁࢆ㓄⨨ࡍࡿࡼࡾࡶ㸪ࡼࡾᇶᆅᒁ࡜᥋ゐ㢖ᗘࡀ㧗࠸ࣀ࣮ࢻ 


























































ࡇࡇ࡛ Blࡣ l␒┠ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ zlࢆ୰ᚰ࡜ࡍࡿ༙ᚄ rࡢ㡿ᇦ (ӉD(zl㸪 r)) 
࡛࠶ࡿ.ࡲࡓ㸪ȅࡣࣀ࣮ࢻࡢ㞟ྜ࡛࠶ࡿ.᪤࡟࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁࢆ㓄⨨ࡋࡓⅬࡢ࿘
ᅖ࡟᪂ࡓ࡟ᇶᆅᒁࢆ㓄⨨ࡋࡓ࡜ࡋ࡚ࡶ㸪ࣀ࣮ࢻ࡜ࡑࡢᇶᆅᒁ࡜ࡢ᥋ゐ☜⋡ࡢቑຍࡀぢ㎸ࡵ

















ࡉࡽ࡟㸪ࣀ࣮ࢻ iࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡀ㓄⨨ࡉࢀ࡚࠸࡞࠸ࣀ࣮ࢻࡢ୰ (ci ӆz1㸪 







































ࣕࢫࢺࡢ 50% 㓄㏦㐜ᘏࢆᅗ 6-13 ࡟♧ࡍ.࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᇶᆅᒁᩘࡀ 0 ࡲࡓࡣ 1 
ࡢ᫬ࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀᏑᅾࡋ࡞࠸≧ἣ࡟┦ᙜࡍࡿ. 
5 ྎࡢࣀ࣮ࢻࢆࣇ࢕࣮ࣝࢻୖ࡟つ๎ⓗ࡟㓄⨨ (ᅗ 6-9) ࡋ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡢ
ᩘMࢆኚ໬ࡉࡏࡓ᫬ࡢ⤖ᯝ࡛࠶ࡿ.ྛ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁࡢᗙᶆ zl (1ӌlӌM)ࡣ㸪๓
㏙ࡢ 4 ✀㢮ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒࡟ࡼࡗ࡚Ỵᐃࡋ࡚࠸ࡿ.࡞࠾㸪
50 % 㓄㏦㐜ᘏ࡜ࡣ㸪ࣀ࣮ࢻࡢᖹᆒ࣓ࢵࢭ࣮ࢪಖ᭷⋡ࡀึࡵ࡚ 0.5 ௨ୖ࡜࡞ࡿࢫࣟࢵࢺᩘ
ࢆព࿡ࡍࡿ.ᅗ୰ࡢࠕrandom 㸪ࠖࠕgreedy 㸪ࠖࠕsplit 㸪ࠖࠕequalizeࠖࡣࡑࢀࡒࢀࣛࣥࢲ࣒ἲ㸪㈎
ḧἲ㸪ᖹ㠃ศ๭ἲ㸪ᆒ➼໬ἲ࡟ࡑࢀࡒࢀᑐᛂࡋ࡚࠸ࡿ. 
ᅗ 6-9 ࡼࡾ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࢆᑟධࡍࡿࡇ࡜࡟ࡼࡗ࡚ 50% 㓄㏦㐜ᘏࡀ኱ᖜ࡟ῶᑡ
ࡍࡿࡇ࡜㸪ࡲࡓ㸪㈎ḧἲ㸪ᖹ㠃ศ๭ἲ㸪ᆒ➼໬ἲࡢ 3 ✀㢮ࡢ࢔ࣝࢦࣜࢬ࣒ࡀ࠾࠾ࡼࡑྠ⛬













ࣥࢲ࣒ἲ࡜ࡑࢀ࡯࡝኱ࡁ࡞ᕪࡣ࡞࠸.୍᪉㸪ᆒ➼໬ἲ (equalize) ࠾ࡼࡧᖹ㠃ศ๭ἲ (split) 
ࡣ㸪࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡢᑟධ࡟ࡼࡗ࡚ 50 % 㓄㏦㐜ᘏࢆ኱ᖜ࡟๐ῶ࡛ࡁ࡚࠸ࡿ. 
᭱ᚋ࡟㸪ࣀ࣮ࢻᩘࡸࣀ࣮ࢻࡢ఩⨨ศᕸࡢ㐪࠸࡟ࡼࡿᙳ㡪ࢆㄪᰝࡍࡿࡓࡵ㸪10 ྎࡢࣀ࣮ࢻ
ࢆࣇ࢕࣮ࣝࢻୖ࡟ࣛࣥࢲ࣒࡟㓄⨨ࡋࡓ (ᅗ 6-16) ᫬ࡢ 50 % 㓄㏦㐜ᘏࢆᅗ 6-17࡟♧ࡍ.ᅗ 
6-15 ࡜ྠᵝ࡟㸪ࣀ࣮ࢻࡢ఩⨨ศᕸࡢᖹᆒࢆࣛࣥࢲ࣒࡟㓄⨨ࡋ㸪ࡍ࡭࡚ࡢࣀ࣮ࢻࡢᶆ‽೫ᕪ
ࢆ➼ࡋࡃ 50 [m] ࡜タᐃࡋ࡚࠸ࡿ. 
ᅗ 6-17ࡼࡾ㸪ࣀ࣮ࢻᩘࡸࣀ࣮ࢻࡢ఩⨨ศᕸࡢ㐪࠸࡟ࡼࡽࡎ㸪4 ✀㢮ࡢ࢝ࢵࢺࢫ࣮ࣝࣜࣥ
ࢡᇶᆅᒁ㓄⨨࢔ࣝࢦࣜࢬ࣒ࡣᅗ 6-15࡜㢮ఝࡋࡓഴྥࢆ♧ࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ.࡞࠾㸪5 ࣀ














ᅗ 6-14 ࣀ࣮ࢻࡢ఩⨨ศᕸ (ࣛࣥࢲ࣒࡟㓄⨨ࡉࢀࡓ 5 ࣀ࣮ࢻ) 
 
 





ᅗ 6-16 ࣀ࣮ࢻࡢ఩⨨ศᕸ (ࣛࣥࢲ࣒࡟㓄⨨ࡉࢀࡓ 10 ࣀ࣮ࢻ) 
 
 



























࡟㛵ࡋ㸪≉࡟ (QGWR(QG ࡢ 4XDOLW\RI6HUYLFH4R6࠾ࡼࡧ 4XDOLW\RI([SHULHQFH4R(
ࡢィ ࣭ไᚚᢏ⾡࡟㛵ࡋ࡚ᥦ᱌ࡋࡓ㸬ᮏ◊✲ࡢᴫせࡣ௨ୗࡢ㏻ࡾ࡛࠶ࡿ㸬
 ❶࡛ࡣ㸪ࢧࣥࣉࣜࣥࢢࡉࢀࡓࣃࢣࢵࢺ⩌࠿ࡽ 7&3 ࡢ $&. ࣃࢣࢵࢺࢆほ ࡍࡿࡇ࡜࡛ィ 
ࡋࡓ 7&3 ࢭࢵࢩࣙࣥࡢ (QGWR(QG ࣃࢣࢵࢺࣟࢫ⋡ࢆ᥎ᐃࡍࡿ᪉ἲࢆᥦ᱌ࡋࡓ㸬ࢧࣥࣉࣜࣥ
ࢢࣃࢣࢵࢺ⩌ࢆほ ࡍࡿሙྜ㸪ࣃࢣࢵࢺᢤࡅࡢཎᅉࡀࢧࣥࣉࣜࣥࢢ࡟ࡼࡿࡶࡢ࠿ࣃࢣࢵࢺ
ࣟࢫ࡟ࡼࡿࡶࡢ࠿ุᐃࡀ࡛ࡁ࡞࠸㸬ࡇࡢ≧ែ࡛ほ ࣃࢣࢵࢺ⩌࠿ࡽࣃࢣࢵࢺࣟࢫࡢࡳࢆᢳ
ฟࡍࡿၥ㢟࡜࡞ࡿ㸬ᮏ◊✲࡛ࡣ 7&3 ࡛ࣃࢣࢵࢺࣟࢫࡀⓎ⏕ࡍࡿ࡜㸪ྠ୍ $&. ␒ྕࡀ㐃⥆ࡍ
ࡿ⌧㇟㔜」 $&.࡟╔┠ࡋ㸪ࢧࣥࣉࣜࣥࢢ⎔ቃୗ࡛㔜」 $&. ࡀほ ࡛ࡁࡿ๭ྜࢆ᫂ࡽ࠿࡟ࡋ
ࡓ㸬ࢧࣥࣉࣜࣥࢢࣃࢣࢵࢺ⩌࠿ࡽほ ࡛ࡁࡓ㔜」 $&. ᩘ࡜ࡑࡢほ ๭ྜࢆ⏝࠸ࡿࡇ࡜࡛㸪
ࢧࣥࣉࣜࣥࢢ⎔ቃୗ࡛ࡢ (QGWR(QG ࣃࢣࢵࢺࣟࢫᩘࢆ᥎ᐃྍ⬟࡟ࡋࡓ㸬
 ❶࡛ࡣ㸪❶ྠᵝ࡟ࢧࣥࣉࣜࣥࢢࡉࢀࡓࣃࢣࢵࢺ⩌࠿ࡽ 7&3 ࢭࢵࢩࣙࣥࡢ (QGWR(QG
















ࡵ㸪ィ ᆅⅬ࡛㔜」 $&. ⌧㇟ࡢࡳࢆィ ࡍࡿ㸬ࡇࡢィ ࡟ࡣ 6&%) ࢆ⏝࠸ࡿࡇ࡜࡛㸪㔜」 $&.
ࡢⓎ⏕᭷↓ࡢࡳࢆุᐃࡍࡿ㸬ィ ᑐ㇟ࢆ㔜」 $&. ࡟⤠ࡗࡓࡇ࡜㸪㔜」 $&. ࡢィ ࢆ 6&%) ࡛
㍍㔞໬ࡋࡓࡇ࡜࡛㸪7&3 ࢭࢵࢩࣙࣥࡢ (QGWR(QG ࣃࢣࢵࢺࣟࢫ⋡᥎ᐃࡢฎ⌮㈇Ⲵࡢ㍍ῶ໬
ࢆᐇ⌧ࡋࡓ㸬
❶࡛ࡣ㸪㌴㍕(WKHUQHW⎔ቃࢆ᝿ᐃࡋࡓ7&3ࡢ 4R(㐜ᘏ᫬㛫ࢆ▷⦰ࡍࡿ᪉ἲࢆᥦ᱌ࡋࡓ㸬


































 ᮏㄽᩥసᡂ࡟࠶ࡓࡾ㸪㛵すᏛ㝔኱Ꮫ኱Ꮫ㝔 ⌮ᕤᏛ◊✲⛉ ᝟ሗ⛉Ꮫ⛉ᑓᨷࡢ኱ᓮ༤அᩍ
ᤵ࡟ࡣᛁࡋ࠸᫬㛫ࢆ๭࠸࡚㡬ࡁ㸪ㄽᩥෆᐜࡢࡈᣦᑟࡔࡅ࡛ࡣ࡞ࡃྛ✀ㄽᩥᑂᰝ࡟㛵ࡍࡿᡭ
⥆ࡁࢆ⤊ጞࡈᣦᑟ㸪ࡈ㠴᧡ࢆ㈷ࡗࡓ㸬 
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75. ᒣᓮᗣᗈ㸪᳜⏣ၨᩥ㸪ᑠ಴୍ᓠ㸪ᒣᇉ๎ኵ㸪⸨⏣⠊ே㸪"DTN ศᩓᆺ᝟ሗඹ᭷ࢩࢫࢸ
࣒ࡢ㛤Ⓨ࡜ࡑࡢࣇ࢕࣮ࣝࢻᐇドᐇ㦂㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163ጤ
ဨ఍ ITRC meet33㸪 May㸪 2013 
76. ᮌୗᓧ୍㸪Ώ㎶ಇ㈗㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"ࢡࣛ࢖࢔ࣥࢺド᫂᭩ㄆド࡟ᇶ
࡙࠸ࡓDTN㓄ಙไᚚ᪉ᘧ㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨163ጤဨ఍ ITRC 
meet33㸪 May㸪 2013 
77. Ώ㎶ಇ㈗㸪ᮌୗᓧ୍㸪ᒣᓮᗣᗈ㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"↓⥺➃ᮎ㐣ᐦ⎔ቃ࡟࠾ࡅࡿ
OpenFlow ࢆ⏝࠸ࡓ࢔ࢡࢭࢫ࠾ࡼࡧඃඛᗘไᚚࢩࢫࢸ࣒㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮




ࢺ࣮࣡ࢡࣜࢯ࣮ࢫไᚚᢏ⾡ࡢ◊✲㛤Ⓨ㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163
ጤဨ఍ ITRC meet34㸪 October㸪 2013 
79. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪⸨⏣⠊ே㸪"≉ᐃ࢚ࣜ࢔࡛᝟ሗࢆಖᣢࡍࡿࡓࡵࡢ➃ᮎ㛫᝟ሗ㓄ಙ
᪉ἲ㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163ጤဨ఍ ITRC meet34㸪 October㸪 
2013 
80. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪⸨⏣⠊ே㸪"≉ᐃ࢚ࣜ࢔ෆ࡟࠾ࡅࡿ᝟ሗඹ᭷ࡢ㓄ಙไᚚ᪉ἲ㸪" 㟁
Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(CQ2013-53)㸪 November㸪 2013 
81. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪⸨⏣⠊ே㸪"➃ᮎ㛫ࡢ᝟ሗඹ᭷࡟ࡼࡿ✵㛫ࢫࢺ࣮ࣞࢪᐇ⌧ࡢࡓࡵ
ࡢࢩ࣑࣮ࣗࣞࢩࣙࣥホ౯㸪" ➨ 3 ᅇ DTN ࡜ࡑࡢᮍ᮶࡟㛵ࡍࡿ࣮࣡ࢡࢩࣙࢵࣉ㸪 
November㸪 2013 
82. ᒣᓮᗣᗈ㸪ᑠ಴୍ᓠ㸪⸨⏣⠊ே㸪"≉ᐃ࢚ࣜ࢔ෆ᝟ሗඹ᭷ࢩࢫࢸ࣒ࡢࡓࡵࡢ㏻ಙ⎔ቃィ





 ἲ㸪" ➨ 4ᅇ DTN࡜ࡑࡢᮍ᮶࡟㛵ࡍࡿ࣮࣡ࢡࢩࣙࢵࣉ㸪 May㸪 2014 
85. ᒣᓮᗣᗈ㸪⃝⏣ᏹྐ㸪ᮌୗᓧ୍㸪ᚋ⸨ⱥ᫛㸪᭮᰿⚽᫛㸪"⅏ᐖ᫬㑊㞴ᡤ➼࡟࠾ࡅࡿࢿࢵ
ࢺ࣮࣡ࢡࣜࢯ࣮ࢫไᚚᢏ⾡ࡢᛶ⬟ホ౯㸪" ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163
ጤဨ఍ ITRC meet35㸪 June㸪 2014㸬 
86. ⴗཎᾴ㸪ᶫᮏభኴ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ࣇ࣮ࣟࢸ࢕ࣥࢢࢥࣥࢸࣥࢶ᝟ሗ




ࢧ࢖࢚ࢸ࢕኱఍(B-11-35)㸪 September㸪 2014 
88. ᯇ㇂೺♸㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾ࡅࡿ
࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡᑟධຠᯝࡢゎᯒ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(DS-2-5)㸪 March㸪 
2015 
89. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪୰ᓥ୍ᙲ㸪"DTN⎔ቃୗ࡟࠾ࡅࡿపไᚚ㈇Ⲵ࡞༠ㄪᆺ᝟ሗඹ᭷᪉
ᘧ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-11-41)㸪 March㸪 2015 
90. ᯇ㇂೺♸㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ࢚ࣆࢹ࣑ࢵࢡࣈࣟ
࣮ࢻ࢟ࣕࢫࢺࡢᛶ⬟࡟୚࠼ࡿᙳ㡪ࡢゎᯒ㸪 " 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌
(CQ2014-120)㸪 March㸪 2015 
91. ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪୰ᓥ୍ᙲ㸪"ࢥࣥࢸࣥࢶᡤᣢ⪅ࣜࢫࢺࢆ౑ࡗࡓపไᚚ㈇Ⲵ࡞᝟ሗ




᝟ሗ㓄ಙ᪉ᘧ㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(CQ2015-20)㸪 July㸪 2015 
93. ⴗཎᾴ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ࣇ࣮ࣟࢸ࢕ࣥࢢࢥࣥࢸࣥࢶ㓄ಙไᚚࡢᏳᐃ
ᛶゎᯒ㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(CQ2015-21)㸪 July㸪 2015 
94. ᯇ஭኱ᶞ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ᣐⅬ㛫 DTN ࣮ࣝࢸ࢕ࣥࢢ࡟࠾ࡅࡿ࣓ࢵ
ࢭ࣮ࢪ㓄㏦㐜ᘏࡢゎᯒ㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(B-11-8)㸪 September㸪 
2015 
95. ᕝ➃ዉὠᏊ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ᣐⅬ㛫 DTN ࣮ࣝࢸ࢕ࣥࢢ࡟࠾ࡅࡿࣈ
࣮ࣟࢻ࢟ࣕࢫࢺ ACK ࡢ᭷ຠᛶ࡟㛵ࡍࡿ᳨୍ウ㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
(B-11-9)㸪 September㸪 2015 
96. Misako Seki㸪 Kazumine Ogura㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 "A 
Performance Comparison of Geographic DTN Routing Algorithms㸪"㟁Ꮚ᝟ሗ㏻ಙᏛ
఍ࢯࢧ࢖࢚ࢸ࢕኱఍(BS-6-37)㸪 September㸪 2015 
97. Misako Seki㸪  Kazumine Ogura㸪  Yasuhiro Yamasaki㸪  Hiroyuki Ohsaki㸪 
"Performance Comparison of Geographic DTN Routing Algorithms㸪" ᪥ᮏᏛ⾡᣺⯆
఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163 ጤဨ఍ ITRC-NWGN2015(Vision21)㸪September㸪 
2015 
98. ᯇ஭኱ᶞ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ᣐⅬ㛫㹂㹒㹌࣮ࣝࢸ࢕ࣥࢢ࡟࠾ࡅࡿ࣓ࢵ
ࢭ࣮ࢪ㓄㏦㐜ᘏࡢゎᯒ㸪"᪥ᮏᏛ⾡᣺⯆఍  ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163 ጤဨ఍ 
ITRC-NWGN2015(Vision21)㸪September㸪 2015 
99. ⴗཎᾴ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ࣇ࣮ࣟࢸ࢕ࣥࢢࢥࣥࢸࣥࢶ㓄ಙไᚚ᪉ᘧࡢ
ᥦ᱌࠾ࡼࡧᏳᐃᛶゎᯒ㸪"᪥ᮏᏛ⾡᣺⯆఍  ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163 ጤဨ఍ 
ITRC-NWGN2015(Vision21)㸪September㸪 2015 
100. ⴗཎᾴ㸪ᑠ಴୍ᓠ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ࣇ࣮ࣟࢸ࢕ࣥࢢࢥࣥࢸࣥࢶ㓄ಙไᚚ᪉ᘧࡢ




⾡◊✲ሗ࿌(CQ2015-122)㸪 March㸪 2016 
102. ᒣᓮᗣᗈ㸪ᮏྜྷᙪ㸪"DTN-VPN ࡟ࡼࡿᣐⅬ㛫᝟ሗඹ᭷ࢩࢫࢸ࣒㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍
⥲ྜ኱఍(B-11-20)㸪 March㸪 2016㸬 
103. ⴗཎᾴ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪"ࣇ࣮ࣟࢸ࢕ࣥࢢࢥࣥࢸࣥࢶ㓄ಙไᚚ᪉ᘧ PFCS ࡢᛶ⬟
ホ౯㸪" 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-11-22)㸪 March㸪 2016 
104. ኱ᓮ༤அ㸪ᒣᓮᗣᗈ㸪" ࢝ࢵࢺࢫ࣮ࣝࣜࣥࢡࡀ࢚ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺࡢᛶ⬟࡟
୚࠼ࡿᙳ㡪㸪" ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163ጤဨ఍ ITRC meet39㸪May㸪 2016 





106. Daiki Matsui㸪 Ryo Hagihara㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 ͆ Deriving 
the Average Message Delivery Delay in Geographic DTN Routing under Random 
Walk Mobility Model㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(BS-1-29)㸪 March㸪 2017 
107. Natsuko Kawabata㸪 Ryo Hagihara㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 ͇
Analysis of Multiple Concurrent Message Routings with Epidemic Routing and 
Broadcasting ACKs㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(BS-1-20)㸪 March㸪 2017 
108. ⴗཎᾴ㸪 ᒣᓮᗣᗈ㸪 ኱ᓮ༤அ㸪 ͆఩⨨᝟ሗࢆ฼⏝ࡍࡿ DTN ࣮ࣝࢸ࢕ࣥࢢࡢᖹᆒ࣓
ࢵࢭ࣮ࢪ㓄㏦㐜ᘏ࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(BS-5-8)㸪 March㸪 
2017 
109. ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪" ࣈ࣮ࣟࢻ࢟ࣕࢫࢺ ACK ࢆ⏝࠸ࡓ DTN ࣮ࣝࢸ




(B-16-4)㸪 September㸪 2017 
111. ᯇ஭኱ᶞ㸪すᕝ⣧⏤㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ኱つᶍࢿࢵࢺ࣮࣡ࢡୖࡢᣐⅬ㛫 DTN ࣝ
࣮ࢸ࢕ࣥࢢ࡟࠾ࡅࡿ࣓ࢵࢭ࣮ࢪ㓄㏦㐜ᘏ࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖
࢚ࢸ࢕኱఍(B-16-6)㸪 September㸪 2017 
112. బ⸨♸┿㸪ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ DTN ࡟࠾ࡅࡿᢚไᆺ࢚ࣆࢹ࣑ࢵࢡࣝ
࣮ࢸ࢕ࣥࢢࡢ᭷ຠᛶ࡟㛵ࡍࡿ᳨୍ウ㸪͇ 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(B-16-7)㸪 
September㸪 2017 
113. すᕝ⣧⏤㸪ᯇ஭኱ᶞ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ኱つᶍࢿࢵࢺ࣮࣡ࢡ࡟࠾ࡅࡿᣐⅬ㛫 DTN
࣮ࣝࢸ࢕ࣥࢢࡢ࣓ࢵࢭ࣮ࢪ㓄㏦㐜ᘏ࡟㛵ࡍࡿ᳨୍ウ㸪͇ 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕
኱఍(BS-3-2)㸪 September㸪 2017 
114. ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ DTN ࡟࠾ࡅࡿᢚไᆺ࢚ࣆࢹ࣑ࢵࢡ࣮ࣝࢸ࢕ࣥࢢ
ࡢ≉ᛶゎᯒ࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍ (BS-3-3)㸪 
September㸪 2017 
115. Daiki Matsui㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪͇ [Invited Lecture] Analysis 
of Message Delivery Delay in Geographic DTN Routing under Random Walk 
Mobility Mode 㸪͇ 㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(NS2017-94)㸪 October㸪 2017 
116. ᯇ஭኱ᶞ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇  ࣛࣥࢲ࣒࢛࣮࢘ࢡࣔࣅࣜࢸ࢕ୗ࡟࠾ࡅࡿᣐⅬ㛫 DTN
࣮ࣝࢸ࢕ࣥࢢࡢゎᯒ㸪͇  ᪥ᮏᏛ⾡᣺⯆఍ ࢖ࣥࢱ࣮ࢿࢵࢺᢏ⾡➨ 163 ጤဨ఍ ITRC 
meet42㸪 November㸪 2017 
117. ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇DTN࡟࠾ࡅࡿ఩⨨࣮࣋ࢫ࣮ࣝࢸ࢕ࣥࢢࡢ᭷ຠᛶ㸪͇  
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(IA2017-59)㸪 December㸪 2017 
118. ᕝୖ┿ᘯ㸪୰ᮧ㑈㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ௬᝿ࢿࢵࢺ࣮࣡ࢡ࡟ࡼࡿ㌴㍕ IP ࢿࢵࢺ࣡
࣮ࢡࡢ࢚࣑࣮ࣗࣞࢩࣙࣥᡭἲ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌ (IA2017-60)㸪 
December㸪 2017 
119. ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ㌴㍕ TCPྥࡅᐇຠࢹ࣮ࢱ㧗㏿෌㏦᪉ᘧ㸪͇ 㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲
ྜ኱఍(B-16-3)㸪 March㸪 2018 
120. Natsuko Kawabata㸪  Yasuhiro Yamasaki㸪  Hiroyuki Ohsaki 㸪͇   On the 
Effectiveness of Position-based Routing in Delay/Disruption-Tolerant Networking㸪 
㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(BS-2-16)㸪 March㸪 2018 
121. బ⸨⿱┿㸪ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ DTN ࡟࠾ࡅࡿᢚไⓗ࢚ࣆࢹ࣑ࢵࢡࣝ
࣮ࢸ࢕ࣥࢢࡢไᚚࣃ࣓࣮ࣛࢱឤᗘ࡟㛵ࡍࡿ୍⪃ᐹ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍
(BS-6-7)㸪 March㸪 2018 
122. బ⸨⿱┿㸪ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ DTN ࡟࠾ࡅࡿᢚไⓗ࢚ࣆࢹ࣑ࢵࢡࣝ
࣮ࢸ࢕ࣥࢢࡢᥦ᱌㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(IA2017-80)㸪 March㸪 2018 
123. ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇  」㞧ࢿࢵࢺ࣮࣡ࢡ࡟࠾ࡅࡿᢚไⓗ࢚ࣆࢹ࣑ࢵࢡ
࣮ࣝࢸ࢕ࣥࢢࡢࣔࢹࣝ໬࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌
(IA2018-25)㸪 September㸪 2018 
124. ༡ཱྀᐂኴ㸪ᕝ➃ዉὠᏊ㸪୰ᮧ㑈㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ࢚ࣥࢻ࣮࢚ࣥࢻ࣮ࣝࢸ࢕ࣥࢢ
࡜࢚ࣆࢹ࣑ࢵࢡ࣮ࣝࢸ࢕ࣥࢢࡢẚ㍑ศᯒ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌
(IA2018-26)㸪 September㸪 2018 
125. ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ㌴㍕ TCPྥࡅᐇຠࢹ࣮ࢱ㧗㏿෌㏦᪉ᘧࡢᛶ⬟ホ౯㸪͇ 㟁Ꮚ᝟ሗ
㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(B-16-11)㸪 September㸪 2018 
126. 㜰ཱྀுኴ㸪ᯇ஭኱ᶞ㸪୰ᮧ㑈㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ࢢࣛࣇୖࡢ⛣ືࣔࢹࣝࡢ㐪࠸ࡀ
ึᅇ฿╔᫬㛫࡟୚࠼ࡿᙳ㡪࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
(B-16-12)㸪 September㸪 2018 
127. ᕝ➃ዉὠᏊ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ 」㞧ࢿࢵࢺ࣮࣡ࢡ࡟࠾ࡅࡿᢚไⓗ࢚ࣆࢹ࣑ࢵࢡࣝ
࣮ࢸ࢕ࣥࢢࡢࣔࢹࣝ໬࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
(B-16-14)㸪 September㸪 2018 
128. ๓ᕝ㱟୍㑻㸪ᯇ஭኱ᶞ㸪ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ PIไᚚჾࢆ⏝࠸ࡓ IEEE1588-2008᫬
้ྠᮇࣉࣟࢺࢥࣝࡢᏳᐃᛶ࡟㛵ࡍࡿ᳨୍ウ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
(B-16-15)㸪 September㸪 2018 
129. Natsuko Kawabata㸪  Yasuhiro Yamasaki㸪  Hiroyuki Ohsaki㸪  ͇A study on 
Restrained Epidemic Routing for Delay/Disruption-Tolerant Networking㸪͇  㟁Ꮚ᝟
ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(BS-7-17)㸪 September㸪 2018 
130. Chuta Minamiguchi㸪 Natsuko Kawabata㸪 Ryo Nakamura㸪 Yasuhiro Yamasaki㸪 
Hiroyuki Ohsaki㸪 ͇A study on Comparative Analysis of End-to-End Routing and 
 125 
 
Opportunistic Routing㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(BS-7-19)㸪 September㸪 
2018 
131. Ryuichiro Maegawa㸪 Ryo Nakamura㸪 Yasuhiro Yamasaki㸪 Hiroyuki Ohsaki㸪 ͇
A study on Automotive IP Network Emulation with Network Virtualization㸪͇  㟁Ꮚ
᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍(BS-7-21)㸪 September㸪 2018 
132. ᒣᓮᗣᗈ㸪኱ᓮ༤அ㸪͇ ࢦ࣮ࢫࢺࣃࢣࢵࢺ௜୚࡟ࡼࡿ㌴㍕ TCPࡢ QoEྥୖ㸪͇  㟁Ꮚ᝟
ሗ㏻ಙᏛ఍ᢏ⾡◊✲ሗ࿌(IA2018-34)㸪 October㸪 2018 
133. ๓ᕝ㱟୍㑻࣭ ᯇ஭኱ᶞ࣭ ᒣᓮᗣᗈ࣭ ኱ᓮ༤அ㸪͇  PI ไᚚჾࢆ⏝࠸ࡓ IEEE1588-2008 ᫬










137. ≉チ➨ 4269176 ྕ(2009㸬3㸬6)㸪"ࢭࢵࢩࣙࣥ୰⥅⿦⨨ཬࡧ୰⥅᪉ἲ㸪"ୗすⱥஅ㸪ᮧ
℩ຮ㸪ᒣᓮᗣᗈ㸪㛗㇂ᕝὒᖹ 




140. ≉チ➨ 4482934 ྕ(2010㸬4㸬2)㸪 "ࣃࢣࢵࢺ㏻ಙ⿦⨨㸪ࣃࢣࢵࢺ㏻ಙ᪉ἲཬࡧࣃࢣࢵ
ࢺ㏻ಙࣉࣟࢢ࣒ࣛ㸪"Ụᕝᑦᚿ㸪ᒣᓮᗣᗈ㸪ᒣ୍ཱྀ㑻 




143. ≉チ➨ 4683338ྕ(2011㸬2㸬18)㸪͇ ࢿࢵࢺ࣮࣡ࢡရ㉁ィ ⿦⨨ཬࡧࡑࡢ᪉ἲ㸪"ᒣᓮᗣ
ᗈ 
144. ≉チ➨ 4761077 ྕ(2011㸬6㸬17)㸪"㏻ಙရ㉁ィ ⿦⨨㸪㏻ಙရ㉁ィ ᪉ἲ㸪ཬࡧࡑࡢ
ࣉࣟࢢ࣒ࣛ㸪"ᒣᓮᗣᗈ㸪ୗすⱥஅ 









149. ≉チ➨ 5206968ྕ(2013㸬3㸬1)㸪͇ ᥎ᐃ᪉ἲ㸪⿦⨨ཬࡧࣉࣟࢢ࣒ࣛ࡜㸪ࢿࢵࢺ࣮࣡ࢡィ
 ࢩࢫࢸ࣒㸪"ᒣᓮᗣᗈ 
150. ≉チ➨ 5348138ྕ(2013㸬8㸬30)㸪͇ ࣃࢣࢵࢺࣟࢫ㢖ᗘィ ࢩࢫࢸ࣒㸪ࣃࢣࢵࢺࣟࢫ㢖
ᗘィ ᪉ἲ࠾ࡼࡧࣉࣟࢢ࣒ࣛ㸪"ᒣᓮᗣᗈ 
151. ≉チ➨ 5396999 ྕ(2013㸬11㸬1)㸪"ࣃࢣࢵࢺࣟࢫ㢖ᗘ᥎ᐃࢩࢫࢸ࣒㸪ࣃࢣࢵࢺࣟࢫ㢖
ᗘ᥎ᐃ᪉ἲ࠾ࡼࡧࣉࣟࢢ࣒ࣛ㸪"ᒣᓮᗣᗈ 
152. ≉チ➨ 5348568ྕ(2013㸬11㸬20)㸪"㏻ಙရ㉁ィ ⿦⨨ཬࡧࡑࡢィ ᪉ἲ㸪"ᒣᓮᗣᗈ 
153. ≉チ➨ 5664645ྕ(2014㸬12㸬19)㸪"ရ㉁ຎ໬⟠ᡤศᯒࢩࢫࢸ࣒㸪ရ㉁ຎ໬⟠ᡤศᯒ⿦
⨨㸪ရ㉁ຎ໬⟠ᡤศᯒ᪉ἲ࠾ࡼࡧࣉࣟࢢ࣒ࣛ㸪"ᒣᓮᗣᗈ㸪Ἴከ㔝ὒ୍ 




156. U㸬S㸬 Patent No㸬7㸪675898(March㸬9㸬2010)㸪 "SESSION RELAY APPARATUS 
FOR RELAYING DATA AND A DATA RELAYING METHOD㸪 " Hideyuki 
Shimonishi㸪 Tutomu Murase㸪 Yasuhiro Yamasaki㸪 Yohei Hasegawa 
157. U㸬S㸬 Patent No㸬 7㸪773㸪523(August㸬10㸬2010)㸪 "NETWORK-QUALITY 
DETERMINING METHOD AND APPARATUS FOR USE THEREWITH㸪 " 
Yasuhiro Yamasaki 
158. U㸬S㸬 Patent No㸬 7㸪936㸪699(May㸬3㸬2011)㸪 "ESTIMATION METHOD㸪 DEVICE㸪 
AND PROGRAM AND NETWORK MEASURING SYSTEM㸪" Yasuhiro Yamasaki 
159. U㸬S㸬 Patent No㸬 7㸪944㸪849(May㸬17㸬2011)㸪 "RRANSMISSION PATH QUALITY 
MEASURING DEVICE 㸪  COMMUNICATION SYSTEM 㸪  QUALITY 
MEASUREMENT METHOD㸪  AND QUALITY MEASURING PROGRAM㸪 " 
Yasuhiro Yamasaki 
160. U㸬S㸬 Patent No㸬 8㸪279㸪305(September㸬18㸬2012)㸪 "NODE DEVICE㸪 NODE 
SYSTEM㸪  AND METHOD AND PROGRAM FOR CHANGING STATISTIC 
INFOTMATION MANAGEMENT TABLE USED FOR NODE DEVICE㸪" Yasuhiro 
Yamasaki 
161. U㸬S㸬 Patent No㸬 8㸪345㸪573(Jannirary㸬1㸬2013)㸪 "COMMUNICATION QUALITY 




162. U㸬S㸬 Patent No㸬 8㸪614㸪965(Dec㸬12㸬2013)㸪 ”PCAKT LOSS FREQUENCY 
MEASURING SYSTEM㸪 PACKET LOSS FREQUENCY MEASURING METHOD㸪 
AND PROGRAM㸪" Yasuhiro Yamasaki 
163. U㸬S㸬 Patent No㸬 8㸪737㸪215(May㸬27㸬2014)㸪 "PACKET FORWARDING 
APPARATUS㸪  COMMUNICATION SYSTEM㸪  PROCESS RULE UPDATE 
METHOD㸪 AND PROGRAM㸪" Satoshi Uchida㸪 Norihito Fujita㸪 Yasuhiro 
Yamasaki 
164. U㸬S㸬 Patent No㸬8㸪793394(July㸬29㸬2014)㸪 ”SESSION RELAYING㸪 SESSION 
RELAY METHOD㸪 AND SESSION RELAY PROGRAM㸪" Yasuhiro Yamasaki 
165. U㸬S㸬 Patent No㸬 8㸪804㸪537(August㸬12㸬2014)㸪 ”LOOP DETECTION DEVICE㸪 
SYSTEM㸪 METHOD AND PROGRAM㸪" Nobuhiko Ito㸪 Yasuhiro Yamasaki 
166. U㸬S㸬 Patent No㸬 8㸪964㸪766(Feb㸬24㸬2015)㸪”SESSION RELAY EQUIPMENT 
AND RELAY㸪" Goh Shibata㸪 Atsushi Kawabata㸪 Yuko Asano㸪 Tutomu Murase㸪 
Hideyuki Shimonishi㸪 Yohei Hasegawa㸪 Yasuhiro Yamasaki 
167. U 㸬 S 㸬  Patent No 㸬  9 㸪 197 㸪 518 㸪  (November 㸬 24 㸬 2015) 㸪 ” 
QUALITY-DETERIORATED PART ANALYZING SYSTEM 㸪 
QUALITY-DETERIORATED PART ANALYSING DEVICE 㸪 
QUALITY-DETERIORATED PART ANALYSING METHOD 㸪  AND 
QUALITY-DETERIORATED PART AMALYSING PROGRAM㸪 Yasuhiro Yamasaki㸪 
Yoichi Hatano 
168. ୰ᅜⓏ㘓␒ྕ  ZL 2005101156323(June 㸬 16㸬 2010) 㸪͇ SESSION RELAY 
EQUIPMENT AND RELAY㸪" Goh Shibata㸪 Atsushi Kawabata㸪 Yuko Asano㸪 
Tutomu Murase㸪 Hideyuki Shimonishi㸪 Yohei Hasegawa㸪 Yasuhiro Yamasaki 
169. ୰ᅜⓏ㘓␒ྕ ZL200480041337(December㸬1㸬2011)㸪 ͇SESSION RELAYING㸪 
SESSION RELAY METHOD㸪 AND SESSION RELAY PROGRAM㸪" Yasuhiro 
Yamasaki㸪 Yoichi Hatano 
170. ୰ᅜⓏ㘓␒ྕ ZL 200780025801㸬1(June㸬20㸬2012)㸪 E͇STIMATION METHOD㸪 
DEVICE㸪 AND PROGRAM㸪 AND NETWORK MEASURING SYSTEM㸪 Yasuhiro 
Yamasaki 
171. ୰ᅜⓏ㘓␒ྕ ZL200580036328㸬8(August㸬21㸬2013)㸪  "COMMUNICATION 
QUALITY MEASURING APPARATUS AND COMMUNICATION QUALITY 
MEASURING METHOD㸪" Yasuhiro Yamasaki 
172. ୰ ᅜ Ⓩ 㘓 ␒ ྕ  ZL201180010325 㸬 2(November 25 㸪 2015) 㸪 
͆ QUALITY-DETERIORATED PART ANALYZING SYSTEM 㸪 
QUALITY-DETERIORATED PART ANALYSING DEVICE 㸪 
 128 
 
QUALITY-DETERIORATED PART ANALYSING METHOD 㸪  AND 
QUALITY-DETERIORATED PART AMALYSING PROGRAM 㸪͇  Yasuhiro 
Yamasaki㸪 Yoichi Hatano 
 
ࡑࡢ௚ 
173. Yasuhiro Yamasaki㸪 "Report on the 8th QoS Workshop㸪" IEICE Communications 










175. ⊂❧⾜ᨻἲே᝟ሗฎ⌮᥎㐍ᶵᵓ㸪͆ ᝟ሗࢭ࢟ࣗࣜࢸ࢕ᑐ⟇◊✲㛤Ⓨホ౯஦ᴗ 㧗ࢺࣛࣄ
ࢵࢡほ ࣭ศᯒἲ࡟㛵ࡍࡿᢏ⾡ㄪᰝ 㸪͇2004ᖺ 4᭶㸬 
176. P㸬Pheal㸪 S㸬Panchen㸪 and N㸬 McKee㸪 RFC3176 “InMon Corporation’s sflow: 
A Method for Monitoring Traffic in Switched and Routed Networks”㸪 IETF㸪 
September 1992㸬 
177. Ⳣෆබᚨ㸪ᵽཱྀ⚽ග㸪ᅵᒇ୍ᬡ㸪Ỉ㔝₶㸪͆ 㧗ࢺࣛࣄࢵࢡࢿࢵࢺ࣮࣡ࢡ࡟࠾ࡅࡿࢺࣛࣄ
ࢵࢡ┘どᢏ⾡ 㸪͇ಙᏛᢏሗ㸪NS2003-312㸪IN2003-267㸪2004ᖺ 3᭶㸬 
178. ᳃㐩ဢ㸪ෆ⏣┿ே㸪ᕝཎு୍㸪ᚋ⸨⁠ᶞ㸪͇ ࢧࣥࣉࣝࣃࢣࢵࢺ࠿ࡽᵓᡂࡉࢀࡿࣇ࣮ࣟ⤫
ィࡢホ౯ 㸪͇2004ᖺ㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍ BS-3-1㸬 
179. ᳃㐩ဢ㸪ෆ⏣┿ே㸪ᕝཎு୍㸪ᚋ⸨⁠ᶞ㸪͆ ࢧࣥࣉࣝࡋࡓࣃࢣࢵࢺ࠿ࡽ࢚ࣞࣇ࢓ࣥࢺࣇ
࣮ࣟࢆ≉ᐃࡍࡿ᪉ἲ 㸪͇ಙᏛᢏሗ㸪NS2004-13㸪2004ᖺ 4᭶㸬 
180. C㸬Estan and G㸬Varghcsc㸪  ”New Directions in Traffic Measurement and 
Acountiong㸪” In Proceeding of ACM SIGCOMM㸪 August 2002㸬 
181. N㸬Duffield㸪 C㸬Lund㸪 M㸬Thorup㸪 “Properties and Prediction of Flow Statistics 
from Sampled Packet Streams㸪 ” ACM SIGCCOMM Internet Measurement 
Workshop㸪 Marseille㸪 France㸪 November㸪 2002㸬 
182. N㸬Duffield㸪 C㸬Lund㸪 M㸬Thorup㸪 “Estimating Flow Distributions from Sampled 
Flow Statistics㸪” In Proceedings of ACM SIGCOMM㸪 August 2003㸬 
183. ᕝཎு୍㸪▼ᶫᆂ௓㸪᳃㐩ဢ㸪㜿㒊ጾ㑻㸪͆ ࢧࣥࣉࣝࣃࢣࢵࢺ᝟ሗࢆ⏝࠸ࡓ TCP ࣇࣟ
࣮ࣞ࣋ࣝᛶ⬟ຎ໬᳨ฟἲ 㸪͇ಙᏛᢏἲ㸪TM2004-34㸪2004ᖺ 7᭶㸬 
184. ᕝཎு୍㸪▼ᶫᆂ௓㸪᳃㐩ဢ㸪㜿㒊ጾ㑻㸪͆ ࢧࣥࣉࣝࣃࢣࢵࢺ᝟ሗࢆ⏝࠸ࡓ TCP ࣇࣟ
࣮ࣞ࣋ࣝᛶ⬟ຎ໬᳨ฟἲ࡜ࡑࡢホ౯ 㸪͇2004 ᖺ㟁Ꮚ᝟ሗ㏻ಙᏛ఍ࢯࢧ࢖࢚ࢸ࢕኱఍
B-7-7㸬 
185. ኱ᓊᬛᙪ㸪஭ᡞୖᙲ㸪㛗㇂ᕝ஽㸪ຍ⸨⫄ᙪ㸪͆ ∦᪉ྥ IPࢺࣛࣄࢵࢡ࠿ࡽ TCPࣞ࣋ࣝࡢ
⤫ィ᝟ሗࢆ཰㞟ࡍࡿࣃࣇ࢛࣮࣐ࣥࢫࣔࢽࢱࡢタィ 㸪͇2000ᖺ㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍
B-7-3㸬 
186. S㸬Floyd㸪 T㸬Henderson㸪 “The NewReno Modification to TCP’s Fast Recovery 
Algorithm㸪” IETF㸪 RFC6582㸪 April 2012㸬 
187. Jitendra Padhye㸪 Victor Firoiu㸪 Don towsley㸪 Jim Kurose㸪 ͆Modeling TCP 
Throughput: A Simple Model and its Empirical Validation 㸪͇ In ACM SIGCOMM̓
98㸬 
188. ͆ Network simulator-ns(version2)㸬㸬” available from http://www㸬isi㸬edu/nsnam/ns/㸬 
189. J㸬Case㸪 M㸬Fedor㸪 M㸬Schoffstall and J㸬Davin㸪 “A Simple Network Management 
Protocol (SNMP)㸪” IETF RFC1098㸪 1990㸬 
 130 
 
190. N㸬Duffield㸪 J㸬Horowitz㸪 F㸬Presti㸪 D㸬Towsley㸪 “Network Delay Tomography 
from End-to-End Unicast Measurements㸪” IWDC 2001㸪 pp576-595㸪 2001㸬 
191. N㸬Duffield㸪 F㸬Presti㸪 V㸬Paxson㸪 D㸬Towsley㸪 “Network loss tomography 
using striped unicast probes㸪” IEEE/ACM Trans㸬 Netw㸪 pp697-710㸪 2006㸬  
192. M㸬Kobayashi㸪 T㸬Murase㸪 “Scalable QoS degradation locating from end-to-end㸪” 
SAINT2007 Workshop㸪 2007㸬 
193. B㸬Claise㸪 “Cisco Systems Netflow Services Export Version9㸪” IETF RFC3954㸪 
2004㸬 
194. B㸬Claise㸪 “Specification of the IP Flow Information Export (IPFIX) Protocol for the 
Exchange of IP Traffic Information㸪” IETF RFC5101㸪 2008㸬 
195. B㸬Claise㸪 A㸬Johnson㸪 J㸬Quittek㸪 “Packet Sampling (PSAMP) Protocol 
Specifications㸪” RFC5476㸪 2009㸬 
196. C㸬Barakat㸪 G㸬Iannacconne and H㸬Braun㸪 “Ranking flows from sampled traffic㸪” 
Proc㸬 CoNEXT㸪 pp188-199㸪 Touluse㸪 October㸪 2005㸬 
197. A㸬Kobayashi㸪 and T㸬Katsuyasu㸪 “Method of Measuring VoIP Traffic Fluctuation 
with Selective sFlow㸪” IEEE SAINT 2007 Workshop㸪 January 2007㸬 
198. S㸬Ito㸪 K㸬Uchiyama and S㸬Shiota㸪 “Fixd-Period Packet Sampling and Its 
Application to Flow Rate Estimation㸪” IEICE Trans㸬 Commun㸬㸪 Vol㸬E90-B No㸬
10 pp㸬2673-2682㸪 October㸪 2007 
199. Y㸬Kitatsuji㸪 S㸬Katsuno㸪 K㸬Yamazaki㸪 M㸬Tsuru and Y㸬Oie㸪 “Performance 
monitoring of VoIP Flows for Large Network Operations㸪 ” IEICE Trans㸬 
Commun㸬㸪 vol㸬E90-B㸪 no㸬10㸪 pp㸬2746-2754㸪 October㸪 2007㸬 
200. T㸬Mori㸪 T㸬Takine㸪 J㸬PAN㸪 R㸬Kawahara㸪 M㸬Uchida and S㸬Goto㸪 “Identifying 
Heavy-Hitter Flow from Sampled Flow Statistics㸪” Vol㸬E90-B No㸬11 pp㸬3061-3072㸪 
November㸪 2007㸬 
201. R㸬Kawahara㸪 K㸬Ishibashi㸪 T㸬Mori㸪 N㸬Kamiyama㸪 and H㸬Yoshino㸪 “Packet 
Sampling TCP Flow Rate Estimation and Performance Degradation Detection 
Method㸪” IEICE Trans㸬 Commun㸬㸪 vol㸬E91-B㸪 no㸬5㸪 pp㸬1309-1319㸪 2008 
202. A㸬Kobayashi and K㸬Ishibashi㸪 “VoIP Quality Measurement System Using Flow 
Mediation for Large-Scale IP Networks㸪” IEICE Trans㸬 Commun㸬㸪 vol㸬E94-B㸪 
no㸬7㸪 pp㸬1973-1981㸪 July㸪 2011㸬 
203. Y㸬Gu㸪L㸬 Breslau㸪 N㸬Duffield and S㸬Sen 㸪 “On Passive One-Way Loss 
Measurements Using Sampled Flow Statistics 㸪 ” IEEE INFOCOM 2009 
pp2946-2950㸬 
204. Y㸬 Yamasaki㸪 H㸬 Shimonishi㸪 T㸬 Murase㸪 “Estimating TCP Packet Loss Ratio 
from Sampled ACK Packets㸪” IEICE Trans㸬 Commun㸬㸪 Vol㸬 E91-B㸪 No㸬 2㸪 
 131 
 
pp㸬43-53㸪 2008㸬  
205. K㸬Tan㸪 J㸬Song㸪 Q㸬Zhang㸪 and M㸬Sridharan㸪 “Compound TCP: A Scalable 
and TCP-Friendly Congestion Control for High-speed Networks㸪” PFLDnet㸪 
February 2006㸬 
206. S㸬Ha㸪 I㸬Rhee and L㸬Xu㸪 “CUBIC: a new TCP-friendly high-speed TCP variant㸪” 
ACM SIGOPS Operating Systems Review - Research and developments in the 
Linux kernel archive Volume 42 Issue 5㸪 pp64-74㸪 July 2008㸬 
207. L㸬Xu㸪 K㸬Harfoush and I㸬Rhee㸪 “Binary increase congestion control for fast 
long-distance networks㸪” IEEE INFOCOM㸪 March 2004㸬 
208. S㸬Floyd㸪 “ HighSpeed TCP for large Congestion Windows㸪” IETF㸪 RFC3649㸪 
December 2003㸬 
209. H㸬Shimonish㸪 M㸬Y㸬Sanadidi and M㸬Gerla㸪 “Improving Efficiency-Friendliness 
Tradeoffs of TCP in Wired-Wireless Combined Networks㸪” IEEE ICC㸪 May 2005㸬 
210. ᪂⢄ᬗ͆Non-Sampling Flow Inspection ࢆᨭ࠼ࡿᢏ⾡㸪͇  JANOG19 㸪January㸪
2007 
211. ᑠᒣ඘ⰾ㸪 እᕝᨻኵ㸪 ᯈ಴ᚁ⏨㸪͆ ᗈᖏᇦ࢟ࣕࣉࢳࣕᢏ⾡ࢆ⏝࠸ࡓ୙ṇࣃࢣࢵࢺࡢ᳨
ฟᡭἲ㸪͇  㟁ẼᏛ఍ ㏻ಙ◊✲఍(CMN-09-8)㸪January㸪2009㸬 
212. INMON CORP㸪  ͆ sFlow Accuracy and Billing 㸪͇  http://www㸬 inmon㸬
com/technology/papers㸬php㸪 (ཧ↷ 2011-11-07) 
213. ᒣᓮᗣᗈ㸪 ୗすⱥஅ㸪 ᮧ℩ຮ㸪 ͆ࢩ࣮ࢣࣥࢫ␒ྕࡢ㏫㌿ᩘࡢほ ࡟ࡼࡿ TCP ࣃࢣ
ࢵࢺࣟࢫ᥎ᐃᡭἲ㸪͇  IEICE Trans㸬 on Commu㸬㸪 Vol㸬 J95-B㸪 No㸬 12㸪 pp㸬㸪 
2012㸬 
214. ᒣᓮᗣᗈ㸪ୗすⱥஅ㸪ᮧ℩ຮ㸪"L2ࢫ࢖ࢵࢳ࡬ࡢᣑᙇ sFlowᶵ⬟ࡢヨస㸪" 㟁Ꮚ᝟ሗ㏻
ಙᏛ఍⥲ྜ኱఍(BS-8-7)㸪 March㸪 2007㸬  
215. A㸬Kobayashi㸪 and T㸬Katsuyasu㸪 "Method of Measuring VoIP Traffic Fluctuation 
with Selective sFlow㸪" IEEE SAINT 2007 Workshop㸪 January 2007㸬 
216. ⚄㇂࿴᠇㸪ỈཱྀᏕ๎㸪͇ ACL-based sFlowࢆ⏝࠸ࡓࢺࣛࣇ࢕ࢵࢡ┘どࢩࢫࢸ࣒㸪͇  㟁Ꮚ
᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍(B-14-4)㸪 September㸪 2010㸬  
217. A㸬Kumar㸪 J㸬Xu㸪 J㸬Wang㸪 O㸬Spatschek㸪 L㸬Li㸪”Space-Code Bloom Filter 
for Efficient Per-Flow Traffic Measurement”㸪 In Proc㸬 IEEE INFOCOM㸪 pp㸬
1762-1773㸪 2004 
218. Fraleigh㸪 C㸬㸪 Moon㸪 S㸬㸪 Lyles㸪 B㸬㸪 Cotton㸪 C㸬㸪 Khan㸪 M㸬㸪 Moll㸪 
D㸬㸪 Rockell㸪 R㸬㸪 Seely㸪 T㸬㸪 and Diot㸪 S㸬 C㸬㸪 “Packet-Level Traffic 
Measurements from the Sprint IP Backbone”㸪 IEEE Network㸪 Vol㸬 17㸪 No㸬 
6㸪 pp㸬 6–16㸪 November-December 2003㸬  
219. Roon㸪 S㸬 J㸬 E㸪 “Resource Dimensioning ina Mixed Traffic Environment”㸪 
 132 
 
Master’s Thesis㸪  Fac-ulty of Engineering㸪  The Built Environment and 
Information Technology㸪 University of Pretora㸪 South Africa㸪 2004㸬  
220. Thompson㸪 K㸬㸪 Miller㸪 G㸬 J㸬㸪 and Wilder㸪 R㸬㸪 “Wide-area Internet Traffic 
Patterns and Character-istics㸪 IEEE Network㸪 Vol㸬 11㸪 No㸬 6㸪 pp㸬 10–
23㸪 November-December 1997㸬 
221. Y㸬Yamasaki㸪 H㸬Shimonishi and T㸬Murase㸪 "Statistical Evaluation of TCP 
Packet Loss Rate Estimation㸪" 6th Asia-Pacific Symposium on Information and 
Telecommunication Technologies㸪 November㸪 2005 
222. S㸬Tuohy㸪 M㸬 Glavin㸪 E㸬 Jones㸪 M㸬Trivedi㸪 and L㸬 Kilmartin“Next generation 
wired intra-vehicle networks㸪 a review㸪” in Proceedings of the 2013 IEEE 
International Symposium on Intelligent Vehicles (IV 2013)㸪 pp㸬 777㸬782㸪 June 
2013㸬 
223. Bowen Zheng㸪 Hengyi Liang㸪 Qi Zhu㸪 Huafeng Yu and Chung-Wei Lin 㸪”Next 
Generation Automotive Architecture Modeling and Exploration for Autonomous 
Driving㸪” IEEE Computer Society Annual Symposium on VLSI㸪 2016㸬 
224. ISO 11898-1:2015 Road vehicles – Controller area network (CAN) – Part 1:Data 
link layer and physical signaling 
225. ISO 17987-3:2016 Road vehicles – local Interconnect Network (LIN) – Part 
3:Protocol specification  
226. ISO/NP 21806-4 Road vehicles – Media Oriented System Transport (MOST) 
framework – Part4:Transport protocol and network layer 
227. ISO 17458-2:2013Road vehicles – FlexRay communications system – Part2: Data 
link layer specification 
228. https://www㸬autosar㸬org/ 
229. http://opensig㸬org/ 
230. ͆ IEEE standard for local and metropolitan area networks - virtual bridged local 
area networks amendment 12: Forwarding and queuing enhancements for 
time-sensitive streams㸬” IEEE Std 802㸬1Qav-2009㸪 2009㸬  
231. ͆ IEEE standard for local and metropolitan area networks - virtual bridged local 
area networks -amendment 14: Stream reservation protocol (SRP)㸬” IEEE Std 802㸬
1Qat-2010㸪 2011㸬  
232. ͆ IEEE standard for local and metropolitan area networks - timing and 
synchronization for time-sensitive applications in bridged local area networks㸬” 
IEEE Std 802㸬1AS-2011㸬 
233. ͆ IEEE standard for local and metropolitan area networks - Bridges and Bridged 




234. ͆ IEEE standard for local and metropolitan area networks - Bridges and Bridged 
Networks -- Amendment 25: Enhancements for Scheduled Traffic㸬” IEEE Std 802㸬
1Qbv-2015 
235. ͆ IEEE standard for local and metropolitan area networks - Bridges and Bridged 
Networks -- Amendment 26: Frame Preemption㸬” IEEE Std 802㸬1Qbu-2016 
236. Lucia Lo Bello 㸪”Novel trends in Automotive Networks: A perspective on Ethernet 
and IEEE Audio Video Bridging㸪 ” IEEE Emerging Technology and Factory 
Automation(ETFA)㸪 2014 
237. AUTOSAR㸪” Requirements on Ethernet Support in AUTOSAR㸪” AUTOSAR v㸬4㸬
3㸬1㸪2017 
238. AUTOSAR㸪 ”Specification of TCP/IP Stack㸪” AUTOSAR v㸬4㸬3㸬1㸪2017 
239. ISO 14229-1:2013 Road vehicles – Unified diagnostic services (UDS) –
Part1:Specification and requirements 
240. ISO 13400-2:2012 Road vehicles -- Diagnostic communication over Internet 
Protocol (DoIP) -- Part 2: Transport protocol and network layer services 
241. Young Seo Lee㸪 Jin Ho Kim and Jae Wook Jeon㸪” Diagnostic gateway based on 
DoIP for automotive systems㸪” The 18th IEEE International Symposium on 
Consumer Electronics (ISCE)㸪 2014 
242. Mihai Postolache; Gabriel Neamtu; Sorin Dumitru Trofin㸪 ” CAN - Ethernet 
gateway for automotive applications㸪” 17th International Conference on System 
Theory㸪 Control and Computing (ICSTCC)㸪 December㸪 2013 
243. Christian Herber; Andre Richter; Thomas Wild; Andreas Herkersdorf㸪 ” Real-time 
capable CAN to AVB ethernet gateway using frame aggregation and scheduling”㸪 
Design㸪 Automation & Test in Europe Conference & Exhibition (DATE)㸪 March㸪
2015 
244. Young Seo Lee㸪 Jin Ho Kim and Jae Wook Jeon㸪”FlexRay and Ethernet AVB 
Synchronization for High QoS Automotive Gateway㸪 ” IEEE Transaction on 
Vehiclar Technology㸪 Volume㸬66㸪 Issue㸬7㸪 July 2017㸬 
245. ISO 26262-5:2011 Road vehicles -- Functional safety -- Part 5: Product development 
at the hardware level 
246. OPEN ALLIANCE㸪 ”Requirements for Ethernet Switch Semiconductors㸪” OPEN 
Alliance Specification㸪 September 28㸪 2016 
247. OPEN ALLIANCE㸪”OPEN Alliance Automotive Ethernet ECU Test Specification㸪” 
TC8 ECU㸪 August 23㸪 2017㸬 
248. RFC6298㸪”Computing TCP's Retransmission Timer㸪” June㸪2011 
 134 
 
249. Renesas Electronics Corporation㸪  "RH850/F1H㸪 ” https://www㸬 renesas㸬
com/en-us/products/micro-controllersmicroprocessors/rh850/rh850f1x/rh850f1h 㸬
html㸪 accessed 17 July 2018㸬 
250. Sangrok Han and Hyogon Kim㸪” On AUTOSAR TCP/IP Performance in In-Vehicle 
Network Environments㸪” IEEE Communications Magazine Volume㸬54㸪 Issue㸬
12㸪 December 2016 
251. RFC6363㸪” Forward Error Correction (FEC) Framework㸪” October㸪 2011㸬 
252. Daniel Thiele㸪 Jonas Diemer㸪 Philip Axer㸪 Rolf Ernst; Jan Seyler㸪”Improved 
formal worst-case timing analysis of weighted round robin scheduling for Ethernet㸪” 
International Conference on Hardware/Software Codesign and System Synthesis 
(CODES+ISSS)㸪 2013 
253. Jong-doo Park㸪 Bo-mu Cheoun㸪 Jae-wook Jeon㸪” Worst-case analysis of ethernet 
AVB in automotive system㸪” IEEE International Conference on Information and 
Automation㸪 2015 
254. Daniel Thiele㸪 Rolf Ernst㸪” Formal worst-case timing analysis of Ethernet TSN's 
burst-limiting shaper㸪” Design㸪 Automation & Test in Europe Conference & 
Exhibition (DATE)㸪 2016 
255. F. Giudici㸪 E. Pagani㸪 and G. P. Rossi㸪 “Impact of mobility onepidemic broadcast 
in DTNs㸪” Wireless and Mobile Networking㸪 vol. 284㸪 pp. 421–434㸪 Sept. 2008. 
256. H. Ohsaki㸪 Y. Yamada㸪 D. Perrin㸪 and M. Imase㸪 “Impact of mobility constraints 
on epidemic broadcast mechanisms in delay-tolerantnetworks㸪” in Proceedings of 
the Second International Workshop on Complex Information Flows (CIF 2012)㸪 pp. 
1131–1136㸪 Mar. 2012. 
257. M. Tsuru㸪 M. Uchida㸪 T. Takine㸪 A. Nagata㸪 T. Matsuda㸪 H. Miwa㸪 and S. 
Yamamura 㸪  “Delay tolerant networking technology—the latesttrends and 
prospects㸪” IEICE Communications Society Magazine㸪 vol. 16㸪 pp. 57–68㸪 Mar. 
2011. 
258. N. M. A. Ayad and F. A. Mohamed㸪 “Performance analysis of a cutthrough vs. 
packet-switching techniques㸪” in Proccedings of the Second IEEE Symposium on 
Computers and Communications (ISCC 1997)㸪 pp. 230–234㸪 July 1997. 
259. P. Boustead and J. Chicharo㸪 “An examination of IP/ATM cutthrough forwarding 
in dynamically routed networks㸪” in Proccedings of the International Conference 
on Communication Technology (WCC-ICCT 2000)㸪 vol. 1㸪 pp. 834–840㸪 Aug. 
2000. 
260. C. Koulamas㸪 S. Koubias㸪 and G. Papadopoulos㸪 “Using cut-through forwarding 
to retain the real-time properties of Profibus over hybrid wired/wireless 
 135 
 
architectures㸪” IEEE Transactions on Industrial Electronics㸪 pp. 1208–1217㸪 Dec. 
2004. 
261. F. Bai㸪  N. Sadagopan㸪  and A. Helmy㸪  “IMPORTANT: a framework to 
systematically analyze the impact of mobility on performance of routing protocols 
for adhoc networks㸪” in Proccedings of the 22nd Annual Joint Conference of the 
IEEE Computer and Communications (INFOCOM 2003)㸪 vol. 2㸪 pp. 825–835㸪 
Mar. 2003. 
262. I. Carreras㸪 D. Miorandi㸪 G. S. Canright㸪 and K. Engo-Monsen㸪 “Understanding 
the spread of epidemics in highly partitioned mobile networks㸪” in Proccedings of 
the 1st International Conference on Bio-Inspired Models of Networks㸪 Information 
and Computing Systems (BIONETICS 2006)㸪 pp. 1–8㸪 Dec. 2006. 
263. G. Gamberini㸪 F. Giudici㸪 E. Pagani㸪 and G. P. Rossi㸪 “Impact of history on 
epidemic broadcast in DTNs㸪” in Proceedings of the 1st IFIP Wireless Days 
Conference (WD 2008)㸪 pp. 1–5㸪 Nov. 2008. 
264. S. Kuribayashi㸪 Y. Sakumoto㸪 S. Hasegawa㸪 H. Ohsaki㸪 and M. Imase㸪 
“Performance evaluation of broadcast communication protocol DSCF (Directional 
Store-Carry-Forward) for VANETs with two-dimensional road model 㸪 ” in 
Proceedings of IEEE International Workshop on Vehicular Communications㸪 
Networks㸪 and Applications (VCNA 2009)㸪 pp. 615–619㸪 Dec. 2009. 
265. ࿡⏣᫂ஂ㸪 ኱ᓮ༤அ㸪 ࢚͆ࣆࢹ࣑ࢵࢡࣈ࣮ࣟࢻ࢟ࣕࢫࢺ࡟࠾ࡅࡿ࢝ࢵࢺࢫ࣮ࣝࣜࣥ
ࢡࡢຠᯝ࡟㛵ࡍࡿ୍⪃ᐹ㸪͇  㟁Ꮚ᝟ሗ㏻ಙᏛ఍⥲ྜ኱఍ㅮ₇ㄽᩥ㞟(DS-2-5)㸪 Mar. 
2014. 
